, 1952 


APRIL 


. 17, NO. 7 


VOL 


Mounting shafts on 
TIMKEN bearings 


Power input shaft and drum shaft of the horizontal bull 
block are mounted on two-row, non-adjustable Timken 
bearings. The left-hand bearing on each shaft is fixed 
while the bearing on the opposite end of the shaft is 
free to float. The fixed bearing cup in the power input 
shaft is mounted in a cartridge to provide an adjustment 
for the worm wheel. Lubricant is carried to the bearings 
by means of a circulating oil system. 


How TIMKEN’ bearings help a 
drum stay fit as a fiddle 


This horizontal bull block draws tubing at 150 to 600 feet 
per minute. The overhung drum on which the tubing is 
coiled exerts a 20,000 pound pull. To carry this heavy load, 
design engineers mount the drum shaft on Timken”® tapered 
roller bearings. Due to line contact between rollers and 
races, Timken bearings provide extra load-carrying capac- 
ity. Their tapered construction enables them to carry radial 
and thrust loads in any combination. Shafts are held in 
rigid alignment. Wear is reduced, long life assured. 


Want to learn 
more about bearings? 


Some of the engineering problems you'll face 
after graduation will involve bearing applica- 


TRADE-MARK REG. U. S. PAT. OFF. 


tions. If you'd like to learn more about this phase 


TAPERED ROLLER BEARINGS of engineering, we'll be glad to help. For a copy 


of the 270-page General Information Manual on 
Timken Bearings, write today to The Timken 
Roller Bearing Company, Canton 6, Ohio. And 
don’t forget to clip this page for future reference. 


NOT JUST A BALL © NOT JUST A ROLLER C> THE TIMKEN TAPERED ROLLER <> 
BEARING TAKES RADIAL ) AND THRUST -@— LOADS OR ANY COMBINATION We 
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others to be 
swallowed and some 
few to be chewed 
aNd Digested 


Francis Bacon, 


WA, 


To get a quick start on the road to success, engineering graduates who join Westinghouse start with an 
orientation and training program at the new Educational Center. The reading room shown above 
is one of the many facilities available at the new Center. To aid in carrying out the program, 
there are also ern classrooms, auditorium, cafeteria, hobby rooms and recrestion areas. 


Regardless of the type of career you wish to follow in industry, the Westinghouse 


Plan will be of value in helping you achieve success. 


A major part of the Plan is the Graduate Student Training Program. It has 
been carefully developed through 50 years to enable top men, selected in leading 
colleges, to choose their careers wisely from the wide variety of opportunities 
available at Westinghouse. This method enables you to become a responsible 
factor, quickly, in one of America’s great industrial organizations. 

Getting men started right is so important to Westinghouse that millions of 
dollars have been spent to develop this Plan, provide the facilities and assemble 


and maintain a staff for this job. 


Experience shows that from this Training Program come most of the key person- 
nel, in research, engineering, manufacturing and sales throughout the Company. 


For detailed information about the Westinghouse Plan send for a copy of 


—“Finding Your Place in Industry”. 


EDUCATIONAL DEPARTMENT | 


you CAN BE SURE...IF ITS 


Westinghouse 


G-10173 


To obtain copy of 

“Finding Your Place in Industry”, consult Placement 
Officer of your university, or mail this coupon to: 
Mr. J. H. Spraggon 

District Educational Co-ordinator 

Westinghouse Electric Corporation 

40 Wall Street 

New York 5, N. Y. 
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atits new $5,000,000 oil research center 


UNION OIL COMPANY 


planned for lasting 


economy ... installed 


JENKINS VALVES 


Architects 

AUSTIN, FIELD & FRY, LOS ANGBLES 
General Contractors 

P. J WALKER CO., LOS ANGELES 
Mechanical Contractors 

S$. GLEN HICKMAN CO., LOS ANGELES 
Consulting Mechanical Engsneer 
SAMUEL L. KAYE, LOS ANGELES 


The new 14-building research center of the Union Oil 
Company of California is unique in many features of design. 
Here, a research staff of 250 will have every modern facility 
for developing products that will shape the company’s 
future progress. 

The same future-minded attitude was maintained toward 
plant operating costs by the architects and engineers 
who specified equipment. To insure lasting efficiency and 
maintenance economy, they chose Jenkins Valves for more 
than 3,000 control points on the miles of steam, water, 
sanitation, fire-control, and other pipelines essential to 
operations. 

Like so many of the nation’s top-flight building specialists, 
these men have confidence in the extra measure of efficiency 
and endurance built into Jenkins Valves. 

Despite this extra value, builders pay no more for Jenkins 
Valves. That is why, for new installations, for all replacements, 
the Jenkins Diamond is their reliable guide to lasting valve 
economy. Jenkins Bros., 100 Park Avenue, New York 17; 
Jenkins Bros., Ltd., Montreal. 


| SOME OF THE 3000 JENKINS VALVES in- 


| stolled at the new research center. Many structural ; 
innovations, designed to simplify maintenance, are 
unique in this plant. Tunnels between buildings | 


carry all pipelines; make them readily accessible. Leek POR TNE 
Air-conditioning system supplies 100% fresh air | 
to laboratories at all times. The administration ~ 
building, shown above, is one of 14 major build- . 
ings on a 100 acre site. 
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This car replaced 615 


ANOTHER ALCOA DEVELOPMENT STORY: 


In 1927, a chemical manufacturer asked us, 
“Why must some chemicals be handled in small 
drums or carboys . . . can’t tank cars be built 
of aluminum?” 

From our years of research, we knew that we 
had alloys compatible with many chemicals—and 
experience in fabrication methods dictated weld- 
ing. The Field was inviting, and we decided to 
design and pay for the first aluminum tank 
car ourselves. 

Our engineers designed an 8,000-gallon tank, to 
be welded together from 16 large aluminum plates. 
Working with a leading tank car builder, lessons 
which we had learned in other Alcoa develop- 
ments enabled us to materially assist in the alloys 
selected, welding techniques and structural fabri- 
cation methods employed. One year later, in 1928, 


ALUMINUM COMPANY 


the car was completed. It was then tested in 
20,000 miles of road service, while hauling glacial 
acetic acid—a typically tricky cargo. It weathered 
3,500 recorded shocks—900 severe ones. That 
aluminum car is still in service! 

Together with tank car builders, we have de- 
veloped improved riveted and welded car designs, 
which are now “standard.” Today there are over 
1,300 aluminum tank cars carrying the fussy com- 
pounds that formerly traveled only in small 
containers. 

This is typical of the development jobs we do 
at Alcoa. Others are under way now and more are 
waiting for mechanical, metallurgical, electrical, 
chemical and industrial engineers having the 
imagineering skill to tackle them. Perhaps you 
may be one of those men. ALUMINUM COMPANY OF 
America, 1825 Gulf Building, Pittsburgh 19, Pa. 


“SEE IT NOW," with Edward R. Murrow, brings the world 
to your armchair...CBS-TV every Sunday...3:30 P.M. EST 
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Some people say we should get a new name for 
it. Perhaps. But what does the name matter, so 
long as we preserve the meaning. A good thing, 
too, to review what it means once in a while: 


it means Hope. Your boy can start a business or 
hope to boss the one he’s in . . . In countries 
without free enterprise only the government 
owns and runs a business. 


Free enterprise means Decency . . . In so-called 
“liberal” countries where “everything is for the 
people,” you can be thrown into a slave labor 
camp to die, just on the whim of some enemy. 


it means Home... not two families “assigned” 
to one room. 


Cleveland 

Machine Tools 
Textile - 
Machinery 


YOU CAN MACHINE IT BETTER, FASTER, FOR LESS WITH WARNER & SWASEY TURRET 


The name doesn’t matter— 


only the meaning of Free Enterprise 


It means Courage . . . and no need to cringe at 
the words “police” or “party member”. 


it means Dignity . . . not sobbing out a “con- 
fession” in a courtroom to avoid more torture. 


It means Education. Read what you want... not 
what some official decides for you. (And much 
of your reading may be made possible, by the 
way, by a Scotch immigrant boy named Carnegie 
who made millions under the American free enter- 
prise system, and spent them on free libraries.) 


Free enterprise — Americanism — profit-and-loss 
system . . . the mame doesn’t matter so long as 
you are on the alert against the people who 
are trying to change and destroy its meaning. 
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. .. to help metal foundries speed 
up the production of castings for 
tank armor and other defense 
needs. 


SOLUTION... 
... Truline® Binder . . . a low-cost 
Hercules resin used in sand for 
making cores, or centers of the 
molds into which the molten metal 
is poured. Truline speeds produc- 
tion two ways—it increases out- 
put of baking ovens by permitting 
faster baking of large or small 
cores; and provides more thor- 
oughly baked, more uniform cores. 


COLLEGE MEN... 


This is but one example of the 
far-reaching chemical develop- 
ments in which you could partici- 
pate at Hercules—in research, 
production, sales, or staff opera- 
tions. It suggests the ways Her- 
cules’ products serve an ever- 
broadening range of industries 
and end-uses. 


Hercules’ business is solving problems by chemistry for industry... 
... rubber, insecticides, adhesives, soaps, detergents, plastics, paint, varnish, lacquer, textiles, paper, 
to name a few, use Hercules® synthetic resins, cellulose products, chemical cotton, terpene chem- 
icals, rosin and rosin derivatives, chlorinated products and other chemical processing materials. 
Hercules® explosives serve mining, quarrying, construction, seismograph projects everywhere. 


HERCULES POWDER COMPANY Wilmington 99, Delaware 
H & R CULE — Sales Offices in Principal Cities 
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-NET SALES 


TODAY, you will be joining a 50-year-old organization with 35 plants and laboratories throughout the U. S. 


Sylvania—young, aggressive leader in its field—is a thoroughly seasoned company with an unbroken record 
of earnings and dividend payments since 1928 when its stock was first offered to the public. 

Sylvania’s product diversity has expanded to include electronics, radio, lighting and television — all vital 
and growing fields in today’s and tomorrow’s industrial picture. 

In addition to a firm foundation of consumer products the company is one of the large producers of 
important items for the present defense program. 


TOMORROW, as Sylvania continues to expand, as planned new research and production facilities are 
provided, there will be many opportunities for college trained men to participate in further engineering and 
scientific developments and to enjoy personal recognition and professional growth. There will also be a 
constant need for men to fill supervisory and executive positions. After a short orientation program, you can 
be a part of a young, dynamic company that welcomes youth and imagination. 


Whether you desire big-city life or the environment 
of a suburban community, the choice is up to you. 


The future is as big as you want lo make it at Syleaniat 
Check your major field of study and the location you 
prefer on the coupon below and mail to: 


Mr. David W. Currier, Supervisor of Employment 
Sylvania Electric Products, Inc. 
1740 Broadway, New York 19, N. Y. 
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LEARN WHERE YOUR BEST OPPORTUNI- 
TIES LIE WITH SYLVANIA! SEND FOR 
FREE, INFORMATIVE BOOKLET, “TODAY 
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Metal Transfer in Arc Welding 


By PAUL J. WISNIEWSKI, MetE °53 
and DAVID A. THOMAS, MetE ’53 


The electric arc was first em- 
ployed for the welding of metals 
by de Meritens in 1881. Using a 
carbon electrode successfully 
united parts of storage battery 
plates, the heat being obtained 
from an arc between the carbon 
electrode and the lead of the battery 
plates. Shortly thereafter Slavienoff 
modified this process by replacing 
the carbon electrode with one of 
metal. He noticed that the metallic 
electrode was consumed by the arc 
and supplied metal to the work be- 
ing welded. This is the first record- 
ed instance of metallic arc welding, 
which was patented in 1889. 


This original work in the field 
of arc welding was done with what 
is now termed “straight polarity.” 
Using a direct current source of 
power the metallic electrode was 
connected to the negative pole of 
the power source and the work to 
the positive pole. This particular 
arrangement is used today in con- 
junction with certain types of 
electrodes. One other arrangement 
employed reversed the above situa- 
tion and had the electrode as the 
positive pole and the work negative. 
This process is now termed “re- 
verse polarity” welding. The third 
practical metallic arc welding cir- 
cuit employs alternating current. 

Various types of electrodes have 
been devised for these different 
circuit arrangements, and, in gen- 
eral, they may be divided into three 
categories: bare electrodes, those 
coated by materials which form 
heavy slag deposits on the work, 
and those coated by materials 
which form protective gaseous at- 
mospheres around the arc. Each of 
the two types of coating performs 
both of the functions, forming slag 
and maintaining a protective at- 
mosphere, to some extent. The 
clasification above is made on the 
basis of the primary kind of pro- 
tection provided. 

The arc welding was improved 
considerably by the invention of 


Vol. 17, No. 7 


coated electrodes. Both types of 
coating tend to protect the molten 
weld metal from the atmosphere 
and thus improve weld soundness. 
The slag-forming coating is said 
to accomplish this by forming a 
thin coating of the slag on each 
particle of electrode metal as it is 
transferred through the arc. This, 
however, has never been proved 
conclusively. The gas-forming coat- 
ing is said to accomplish this pro- 
tective action by creating an inert 
atmosphere around the arc. Both 
of these features are indicated 


Fig. 1. Effect of coating on spattering. 
Above, an uncoated, and below, a coated 
electrode. 


schematically in Figure 1. There 
has been no attempt made in this 
drawing to show any metal being 
transferred from electrode 
through the are and to the metal 
being welded. This feature has not 
been included in view of the fact 
that the mode of this transfer is 
so much in question at the present 
time. 

The term “metal transfer” as 
used in this article is defined as 
the transfer of small particles of the 
electrode metal through the elect- 
ric arc to the work metal. The 
mechanism or mechanisms __in- 
volved in this metal transfer have 
been matters of great interest ever 
since the inception of the metallic 
arc welding process. In view of the 
fact that the properties of the weld 
are determined in great part by the 
metal deposited from the electrode, 
the mode of this transfer is of great 
importance. If the nature of this 
mode of transfer were known and 
completely understood, electrodes, 
electrode coatings and welding 
methods could be designed with 
this factor in mind, resulting in 
more efficient operation and pos- 
sibly a new welding technique not 
now known. 


Theories of Metal Transfer 


The interest shown in the metal 
transfer concept is indicated by the 
numerous theories which have been 
advanced to explain the pheno- 
menon. These speculations go back 
to the time of the discovery of the 
process and each of the following 
theories has been proposed: 

1. Vaporization of electrode 

metal in the heat of the are and 

subsequent condensation on the 
work metal. 

2. Transfer by means of gravity 

effects. 

3. Transfer by means of the 

electrical pinch effect. 

4. Transfer by means of electro- 

static forces. 
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5. Transfer by means of electric 

effects. 

6. Transfer by means of surface 

tension. 

7. Transfer by means of the gas 

stream from the weld rod coat- 

ing. 

8. Transfer due to the pressure 

of the cathode spot. 

9. Transfer by means of the ex- 

pansion of gases in the electrode 

metal at the electrode tip. 

Before a discussion of the various 
theories is undertaken, it would be 
desirable to set forth the character- 
istics which an ideal theory should 
possess. 

1. The ideal theory should ex- 
plain the transfer of metal with all 
possible combinations of current, 
electrodes, and positions of weld- 
ing in which transfer is observed 
to occur. 

2. The theory should explain 
why transfer does not occur in any 
case where such a situation is ob- 
served. Related to this is the fact 
that even though certain combina- 
tions of electrodes and welding con- 
ditions are not employed commer- 
cially, metal is actually transferred. 
For example, overhead welding is 
not practical with certain heavily 
coated electrodes because the de- 
posited slag and metal tend to fall 
away from the work. Similarly, 
other coated electrodes are not 
used on alternating current or on 
direct current with straight polar- 
ity because of excessive spatter. 
However, in both of these cases 
metal is actually transferred. Such 
cases should also be covered by the 
ideal theory. 

3. The theory should be in no 
way condradictory to observed 
facts. 

Discussion of Theories 

The various theories listed above 
will be discussed in the light of ob- 
servations of metallic arc welding 
and experimental data if this is 
available. 

Vaporization and Condensation 

As implied, this theory is based 
on the assumption that the elec- 
trode metal is vaporized in the in- 
tense heat of the arc and then 
condensed upon the relatively cooler 
work. The theory is consistent with 
observed facts in that it adequately 
explains that transfer of metal in 
all welding positions with all elec- 
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trodes and welding currents. How- 
ever, the theory cannot account for 
the presence of macroscopic glob- 
ules of metal in the arc and in the 
spatter. Evidence of these globules 
can be seen in various photographs 
of the metallic arc®. Furthermore, 
calculations have been carried out 
which show that the energy avail- 
able in the arc is only sufficient to 
vaporize a small percentage of the 
metal actually transferred’. 
Gravity 

This theory does not postulate 
that gravity alone is the explana- 
tion for metal transfer, but does 
imply that gravity has an effect. 
It must be concluded, however, 
that gravity effects are of negligible 
importance since the rate of metal 
transfer, as measured by the elect- 
rode melting rate, is essentially the 
same in overhead welding as in the 
down-hand position. 

Pinch Effect 

When a high current passes 
through a liquid conductor the 
liquid experiences a radial com- 
pressive force which tends to pinch 
the conductor until the circuit is 
broken. This theory is carried over 
into the metallic arc as follows: a 
molten globule is assumed to grow 
on the electrode tip until it short 
circuits the arc. This globule is then 
detached from the electrode by the 
pinch effect. This theory is dis- 
credited by the use of coated elec- 


trodes in which very short circuits 
occur in comparison to bare elec- 
trodes, which in turn show a high 
enough frequency of short circuits 
for the theory to be plausible. 
Electrostatic Forces 

Electrostatic forces tend to move 
particles from the positive to the 
negative pole of an electric are. 
Thus this theory explains metal 
transfer in reverse polarity welding, 
but falls down when either alter- 
nating current or direct current on 
straight polarity is used. 

Electric Effects 

Electric effects have been des- 
cribed as the forces which tend to 
move particles through the are 
from the negative to the positive 
pole. This theory explains polarity 
welding but not reverse polarity or 
alternating current welding. 

Concerning the electrostatic and 
electric effects it seems hardly pos- 
sible that one theory should apply 
for straight polarity, another for 
reverse polarity, and neither for al- 
ternating current welding. There is 
nothing to be gained by postulating 
separate theories for different sets 
of conditions. 

Surface Tension 

It is impossible to conceive of 
surface effects drawing metal 
across the are space, which is, in 
some cases, as great a distance as 
one quarter of an inch. Further- 
more, the surface tension theory 


Fig. 3. Photomicrograph of electrode metal collected by the authors. Magnification 100x. 
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cannot readily explain the great 
distances to which metal is spatter- 
ed under some conditions. 

Gas Stream From Weld Rod 

Coating 

Undoubtedly the velocity of the 
gas stream, which is produced by 
certain electrode coatings, does 
tend to impart a velocity in the 
same direction to the smaller par- 
ticles in the arc space. The extent 
to which this occurs cannot be de- 
termined experimentally or evaluat- 
ed theoretically. However, it does 
not seem probable that this gas 
stream could seriously affect some 
of the larger particles which are 
known to be in the arc. In addition, 
welding is done with bare elec- 
trodes in the absence of such a gas 
stream. 

Pressures of the Cathode Spot 

This theory was proposed to ex- 
plain the transfer of metal in over- 
head welding on straight polarity. 
It states that the pressure of the 
cathode spot on the molten elec- 
trode tip depresses the liquid at 
this point. The arc then shifts to 
the new high point on the electrode 
and in this manner the molten 
globule of electrode metal is caused 
to undulate until it short circuits 
the arc. Surface tension then draws 
the electrode metal into the molten 
pool on the work metal. ‘This 
theory, of course, applies only to 
straight polarity welding and as 
such is not in harmony with the 
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Fig. 2. Schematic representation of the shielded metallic arc. 


characteristics of the ideal theory 
mentioned previously. This is not 
the only argument against the 
theory, however. Several investi- 
gators in their studies of very poor 
electrodes which had been treated 
so as to be gas free, found that 
overhead welding with these elec- 
trodes on straight polarity was 
impossible. The cathode spot 
theory has no explanation for this 
fact. 

Expansion of Gases in the 

Electrode Metal 

It is a well known fact that com- 
mercial steels contain dissolved 
gases and volatile inclusions and 
elements such as manganese which 
are vaporized in the heat of the 
arc. Since the solubility of gases in 
metals decreases with temperature, 
it is logical that the heat of the 
are would cause the evolution and 


Fig. 4. Another specimen of electrode metal. Magnification 100x. 


subsequent expansion of these 
gases at the electrode tip. These 
gases probably form below the 
metal surface, and in conjunction 
with surface tension effects cause 
the formation of metallic bubbles. 
Depending upon the thickness of 
the molten metal wall, these bub- 
bles could either continue to grow, 
as the gases expanded, until they 
short circuited the arc and literally 
exploded, or else they could burst 
due to internal gas pressure alone. 
If the liberation of these gases is 
rapid, small bubbles may actually 
be shot off the electrode tip. 
Furthermore, the localized libera- 
tion of these gases could cause the 
simultaneous formation of several 
bubbles on the electrode tip. The 
bursting of one of these bubbles 
would then quite probably dislodge 
others, still intact. Thus it would 
seem that the metal transferred 
across the are and the spatter 
metal would be partially in the 
form of hollow particles and par- 
tially in the form of solid particles 
Experimental Evidence 

Evidence to this effect is pre- 
sented in Figures 3 and 4 which 
show cross sections of both types 
of particles. These photomicro- 
graphs were taken of electrode 
metal collected in the following 
manner: A weld was made along 
the edge of a plate in such a man- 
ner that most of the spattered 
metal and some of the metal trans- 
ferred through the arc could be col- 
lected in a large tray of water ap- 
proximately three inches below the 
arc. The particles were mounted in 
lucite and cross-sectioned for ex- 
amination by grinding and polish- 
ing. Not all of the particles are 
sectioned at their equators and 

(Continued on page 50) 
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Loudspeaker Enclosures 


By PETER H. PINCOFFS, EE ’52 


The advent of long-playing rec- 
ords has not only caused major 
changes in the field of recorded 
music and speech but has placed in- 
creasing emphasis on the need for 
high fidelity sound reproduction 
equipment. A fact not commonly 
recognized is that the loudspeaker 
and its associated baffle may be al- 
most totally to blame for the poor 
performance of the typical com- 
mercial radio-phonograph. This 
poor performance has stimulated a 
tremendous growth of an industry 
devoted to producing the com- 
ponents of faithful sound reproduc- 
tion. In line with this increasing in- 
terest in better sound reproduction, 
the following is an attempt to com- 
pare three typical high-quality 
loudspeaker enclosures: the totally 
enclosed, the bass reflexed, and the 
horn-loaded. The discussion is thus 
limited because these three types 
are the only well-known ones that 
do not have characteristics either 
making them unsuitable for use in 
high-quality home-reproducing sys- 
tems or limiting their application to 
very special situations. 

The three enclosures are con- 
sidered from two points of view: 
first, performance; and second, non- 
technical attributes such as cost, 
size, and difficulty of home con- 
struction. 

Considerable difficulty is encoun- 
tered in setting up a just basis for 
comparison of enclosure systems as 
widely different as those under dis- 
cussion here. Therefore, an attempt 
it made to “handicap” the various 
systems in the same way that a 
prospective purchaser or construc- 
tor would discriminate against 
them, even though this approach is 
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by no means just from all points of 
view. It is assumed that the en- 
closures compared are of optimal 
design and construction, and are 
adjusted according to the most 
scientific current practice, and that 
their performance is measured in 
anechoic surroundings. Further re- 
strictions assumed are that the 
loudspeakers used in the totally en- 
closed and bass-reflex systems are 
identical and that the loudspeaker 
used in the horn-loaded case is such 
that the resultant acoustic output 
power is the same as that of the 
other two at a frequency in the 
mid-range of the system. It is also 
assumed that the overall volume 
enclosed by each of the three cabi- 
nets is the same. 

Performance is best compared by 
an evaluation of four different 
characteristics of speaker systems 
as a whole: frequency response, dis- 
tortion, transient response, and effi- 
ciency. 

Frequency Response 

Before evaluating the contribu- 
tions of the enclosures to frequency 
response, it would be well to con- 
sider the significance of the various 
ranges of frequency response. Al- 
though it has been known for many 
years that good overall frequency 
response is necessary for “balance” 
in sound reproduction, it has only 
been fairly recently that the full 
importance of the low-frequency 
performance has been recognized. It 
has been shown that the proper re- 
production of even 500-cps staccato 
flute passages requires that the pass 
band of the system extend as low 
as the frequency of interruption of 
the bursts of tone. Research has 
proven the need for smooth speak- 


er-system response below the low- 
est desired frequency by a con- 
sideration of the effect of this re- 
sponse on amplifier distortion. 
Since the low-frequency response 
characteristic of a loudspeaker 
system is primarily a function of 
the speaker enclosure, it is an im- 
portant basis of judgement of such 
enclosures. 

A related quantity of some im- 
portance in transient reproduction 
is the rate of low-frequency cut-off, 
a moderate rate of cut-off being 
most desirable. The high frequency 
response of the speaker system is 
considered only from the point of 
view of whether or not a coaxial or 
dual-cone type speaker may be em- 
ployed. This aspect of the given en- 
closure is of importance because 
phase shift between low-frequency 
and high-frequency speaker units 
often causes poor transient  re- 
sponse unless the units are coaxially 
mounted. 

A comparison of the three types 
of enclosures on the basis of fre- 
quency response shows each to have 
some distinct advantages and dis- 
advantages. The totally enclosed 
type has the advantage of the most 
gentle rate of cut-off. Furthermore, 
the frequency at which its response 
is 10 db below mid-band value is 
approximately the same as that of 
the bass-reflex type. The bass-reflex 
enclosure, however, shows some- 
thing of a bass-boosting effect at 
low frequencies and, at frequencies 
approximately 50 per cent above 
cut-off (arbitrarily defined here as 
the frequency at which .response is 
10 db below midband), it produces 
over 6 db more output than the 
completely enclosed baffle. The 
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horn-loaded system is somewhat at 
a disadvantage compared to the 
other two in frequency response, be- 
cause of the limitation in size. How- 
ever, if it is assumed that the other 
two systems employ 15-inch speak- 
ers (as would be necessary for high- 
quality performance) and that the 
type of horn-loading system is one 
in which the horn is folded so as to 
obtain a large horn in the minimum 
space—the Klipsch System being a 
typical example—then the horn- 
loaded system has a frequency char- 
acteristic quite similar in shape to 
that of the totally enclosed baffle. 
Indeed, it is claimed that the effec- 
tive cut-off frequency may be made 
slightly lower. Comparison with re- 
gard to high-frequency response 
again shows the horn to be at some 
disadvantage, because the highest 
frequency it can pass is only of the 
order of 500 cycles, whereas the 
other two systems both allow the 
use of wide-range coaxial or duo- 
cone speakers. The limited fre- 
quency response of the horn en- 
closure is, of course, caused by the 
unavoidable absorption of high fre- 
quencies in the tortuous path of its 
folded construction. 


Speaker Distortion 
Distortion, the second basis for 


comparison of the three speaker en- 
closures, is of two types: first, dis- 


Fig. 1. Sectional side view of the Klipsch 
folded-horn type loudspeal e, 


providing for a large horn in the mini 
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tortion originating in the loud- 
speaker as a result of non-linear 
operation, and second, distortion 
originating in the amplifier, but 
caused by the impedance character- 
istic of the loudspeaker. 
Non-linear distortion originates 
in the loudspeaker, primarily be- 
cause the cone makes too large 
excursions, causing its suspension to 
exhibit a changing degree of com- 
pliance and carrying the voice coil 
into regions where the magnetic 
field is no longer constant. One 
method of reducing this sort of dis- 
tortion is to increase both the size 
of the speaker suspension and the 
axial length of the magnetic field. 
This remedy is decidedly expensive, 
however, as the amount of mag- 
netic material needed to produce 
appreciable improvement is large. 
Another and more direct method 
is to arrange the enclosure so that 
the speaker can deliver the same 
acoustic power without causing as 
large excursions of the cone. It is 
seen, therefore, that the degree to 
which the enclosure acoustically 
loads the speaker and thereby re- 
duces its cone excursion is another 
basis for comparing enclosures. 
Distortion caused by the effect 
of the speaker impedance character- 
istic on the amplifier occurs mainiy 
in the neighborhood of a peak in 
impedance, such as that at the fun- 
damental resonance of the speaker. 
The distortion is produced because, 
at frequencies near resonance, both 


Fig. 2. Top view of the Klipsch enclosure 
as used for corner-mounting. 


the scalar value and the angle of 
the impedance change very rapidly, 
causing the operating path of the 
amplifier output tubes to tend to 
be circular instead of narrowly 
elliptical and driving the tubes near, 
or beyond, cut-off. There are at 
least three methods of reducing 
this sort of distortion. A common 
remedy is to electrically damp the 
speaker by applying heavy inverse 
voltage feedback from the output 
terminals of the amplifier. Another 
less common and much more inef- 
ficient method involves the use of 
the equivalent of a shorted turn in 
the speaker voice-coil. third 
procedure utilizes a speaker en- 
closure formed to “smooth out” 
speaker impedance variations by 
increasing the acoustic loading on 
the speaker, at least at the fre- 
quencies near fundamental reson- 
ance, and sometimes over a broad 
frequency band. 


Compared from the viewpoint of 
effectiveness in reducing distortion, 
the completely enclosed system is 
the most unsatisfactory of the three 
under discussion. Engineering re- 
search has shown that the distor- 
tion of a particular totally enclosed 
system using a 15-inch speaker is 
as much as four times that of a 
bass-reflex system of the same over- 
all size utilizing the same speaker. 
This difference in observed perfor- 
mance between the two systems is 


Fig. 3. Sectional side view of the reflexed 
cabinet type enclosure showing speaker 
and port. 
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primarily caused by the increase 
in acoustic loading on the speaker 
in the bass-reflex cabinet at reson- 
ance and also by the reduction in 
the large variation in impedance 
in the same frequency region. It is 
possible to obtain further improve- 
ment in the bass-reflex cabinet by 
making the impedance curve prac- 
tically flat by utilization of resistive 
material in the port and immedi- 
ately behind the speaker. The horn 
superior to both of the other 
enclosures from the standpoint of 
reducing speaker distortion. Not 
only is the acoustic loading by the 
horn greater than that of the 
bass-reflex cabinet (except in the 
region of the speaker fundamental 
resonance), but also the horn con- 
tinues to load the speaker very 
effectively at frequencies far above 
the fundamental resonance. There- 
fore, cone movement, and hence 
distortion, is considerable lower in 
the case of the horn than in that of 
either of the other two enclosures. 


Transient Response 


Transient response, the third 
basis for comparing performance 
of the encloures, is primarily a 
function of damping, both of the 
fundamental resonance and of re- 
sonance in higher modes. The use 
of electrical means and of proper 
design of the enclosure as means 
of providing adequate damping of 
fundamental resonance has been 
well known for some years. Since 
good transient response is of pri- 
mary importance in musical repro- 
duction, the degree to which the 
enclosure produces good damping 
is of great importance. It is ad- 
mitted, however, that in general, 
electrical damping by means of in- 
verse voltage feedback in the am- 
plifier can be used to compensate 
for any such shortcomings in the 
enclosure. 

In attempting so solve the prob- 
lem of damping in higher modes, 
however, it has been found that 
electrical damping is wholly inef- 
fectual. The reasons for this fact 
lie in the nature of this sort of re- 
sonance. The existance of a very 
large number of resonant modes in 
the cone of a typical direct radiator 
loudspeaker has been proven. Addi- 
tional research shows that many 
of these modes posses a_ high 
Q and are practically independent 
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of the voice coil. Attempts to con- 
trol these higher resonances by 
electrical means therefore 
fruitless. The only effective means 
of such control it has already been 
of such control is by increasing 
acoustic loading on the speaker 
diaphram. 

Since it has already been noted 

that the horn-type enclosure pro- 
duces, on the whole, both heavier 
and more widely distributed 
acoustic loading on loud- 
speaker—that either of the other 
two enclosures, it would be expect- 
ed that the horn would show super- 
ior damping of resonances in 
higher-order modes. This is now 
known to be true. Even a short 
acoustic horn is capable of practi- 
cally eliminating higher order re- 
sonances, which both electrical 
damping and absorbent material 
damping are not capable of doing. 
Both theoretical and experimental 
work indicates that the bass-reflex 
cabinet is only slightly superior to 
the totally enclosed cabinet in pro- 
_viding acoustic loading at any fre- 
quencies higher than about twice 
that of fundamental resonance. The 
horn, therefore, is definitely 
superior for high-frequency damp- 
ing. 

It has already been observed that 
the bass-reflex cabinet has valuable 
acoustic loading properties at and 
near the frequency of fundamental 
resonance, whereas the totally en- 
closed cabinet shows practically no 
loading effect. As would be expect- 
ed, therefore, the bass-reflex en- 
closure shows superior damping of 
the fundamental speaker resonance 
and in general gives transient res- 
ponse superior to that of the totally 
enclosed system. However, with 
respect to transient response as a 
whole, the horn-loaded enclosure is 
definitely superior to both of the 
other two systems. 


Speaker Efficiency 


The efficiency of a loudspeaker 
system, the final basis for compar- 
ing the enclosures, is mainly deter- 
mined by the acoustic loading on 
the loudspeaker. Since the horn- 
type enclosure produces by far the 
highest average acoustic loading 
of the three enclosure systems con- 
sidered, its overall efficiency is also 
considerably above that of the 
other systems. This discrepancy in 


performance is most pronounced at 
frequencies several times the low 
cut-off frequency, where the effic- 
iency of the horn may be on the 
order of three to four times that of 
the other two systems. However, 
even at the extremely low fre- 
quencies in the region of cut-off, 
the efficiency of the horn remains 
slightly higher than the bass-reflex 
and markedly higher than the 
totally enclosed type. As has been 
inferred, the  bass-reflex system 
shows efficiencies comparable to 
the totally enclosed system at fre- 
quencies well above resonance, but 
in the extreme low frequencies in 
the neighborhood of resonance and 
cut-off, its efficiency is distinctly 
superior. It follows, therefore, that 
a speaker of lower power rating 
than that used in the other two 
enclosures and requiring less mag- 
net material, is necessary to obtain 
the same power output from the 
horn-loaded system. 


Since not many connoisseurs of 
high-quality sound reproduction 
have unlimited funds with which to 
indulge their technical whims, cost 
is a consideration of some impor- 
tance in comparing these three en- 
closures. Unfortunately for the 
audio hobbyist with a thirst for 
perfection, desirability and high 
cost seem to go hand in hand. The 
very complexity of the Klipsch- 
type folded horn, which allows the 
achievement of its desirable per- 
formance while maintaining _ its 
small size, also results in its high 
cost. However, it is some con- 
solation that, although the enclos- 
ure for the Klipsch system is much 
more expensive, the low frequency 
speaker may be somewhat less 
costly in that it requires a lower 
power rating than that required 
by the other two speaker systems. 
Resort to simpler folded-horn 
structures, which are of consequent 
lower cost, usually result in greatly 
increased size for the same per- 
formance, with decrease in desira- 
bility. 


Relative Costs 


There is no very substantial dif- 
ference in cost between totally en- 
closed and bass-reflex cabinets of 
the same overall size; however, 
both are considerably cheaper than 


(Continued on page 40) 
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Electroplating - Science and Industry 


By EDWARD LEVENTHAL, EP °56 


The significant feature of elec- 
plating as an applied science is the 
fact that its intricate procedures 
are still in the process of being 
scientifically explained and classi- 
fied. For years, men in the electro- 
plating industry were achieving re- 
sults by trial and error methods, 
and it is the results of these meth- 
ods which dominate the field today. 
A serious and energetic attempt to 
analyze and explain these methods 
was undertaken by the Electro- 
chemical Society in 1911. Twenty- 
six authorities went to work and 
published their results in 1941. The 
attempt was extremely successful 
but nevertheless incomplete. This 
modern process of development 
from industry to science is a unique 
situation and worthy of further dis- 
cussion. 

The modern theory of the phe- 
nomenon involved in electroplating 
is briefly this: chemical solutions 
dissociate into particles called ions, 
which possess electrical charges. If 
an electric current is passed 
through a conductor into a solution 
and out through another conduc- 
tor, the negative ions will migrate 
to the more positive conductor, 
called the anode, and the positive 
ions will migrate to the more nega- 
tive conductor, or cathode. If the 
solution is one which contains metal 
ions, the positive metal ions will be 
neutralized and deposited on the 
cathode. By employing an article 
to be plated as the cathode, and a 
solution of a chemical substance 
which contains the metal with 
which we wish to plate the article 
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as the electrolyte, we may obtain 
the desired plating. 


Variety of Applications 

With little more than this as a 
foundation the electroplating in- 
dustry developed. Since its initial 
appearance practically all the com- 
mercially available metals have 
been successfuly plated on articles 
of varying composition, including 
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Diagram of a throwing-power cell. 


non - conductors. Non - conductors 
are prepared for plating by spray- 
ing them with finely divided silver, 
or by treating them with a solution 
or series of solutions which will 
deposit a metal precipitate on the 
surface. Both methods convert the 
non-conductor into a conductor 
and have made possible the plating 
of such materials as leather and 
pottery. 

The industry soon recognized 
that the factors which influenced 
the quality of the finished product 
were many, and that they varied 
considerably with the individual 
metals. Terms such as_ throwing 
power, current density, and _pickl- 
ing, were originated and the results 
of practical experience in the shop 


were collected, classified, and con- 
sistently improved upon. 

Throwing power is used to de- 
scribe the ability of an electrolytic 
solution to plate uniformly. Thus 
an electrolyte with good throwing 
power will require fewer electrodes 
to provide complete coverage of the 
article than one of less throwing 
power. Copper solutions used in 
plating have exceptionally good 
throwing power, and are responsi- 
ble, in part, for the popularity of 
copper plating. In one type of cell 
designed to measure throwing pow- 
er, two cathode plates having ex- 
posed areas of 25 square centi- 
meters are placed in the solution 
under observation, 2.5 and 12.5 
centimeters from a gauze anode. 
The throwing power of the solu- 
tion is determined by the ratio of 
the weights of deposits on the two 
cathodes. 

Current density is the amount of 
electric current per unit area of 
electrode, usually measured in am- 
peres/sq. cm., amperes/sq. dec., or 
amperes/sq. ft. It is specified for 
the cathode and anode individually 
in each electrolytic solution. The 
proper current density will vary 
with the temperature of the solu- 
tion, with a higher temperature 
generally requiring a greater cur- 
rent density. The common range of 
current density is from .5 to 20 am- 
peres/sq. decimeter, but this again 
is subject to various conditions, 
including the polish desired on the 
coating, the smoothness of finish 
which is required, and the speed 
of the process. 
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Preparation of Article 

The chief use of electroplating is 
for external protection. Decorative 
and ornamental purposes follow 
next in order, although the use of 
electroplating to increase the size 
of worn down precision parts is be- 
coming increasingly important. 
Probably the most critical aspect of 
the entire process is the condition 
of the article when it is immersed in 
the plating tank. It must be ab- 
solutely smooth and clean or the 
plating will be to no avail. The arti- 
cle is first buffed smooth on a series 
of rotted stone, sand coated and 
cloth wheels, in that order. This 
is an extremely delicate process, 
and requires skilled control of pres- 
sure, position, and time. The article 
is then pickled. Pickling is a pre- 
paratory process which involves dip- 
ping an impure object in acid solu- 
tions which attack oxides and weld- 
ing scales on the surface, and which, 
in some cases, increases the luster of 
the article. Baths of potash or caus- 
tic soda are also used for pickling, 
and in many cases an electric cur- 
rent is passed through the pickling 
solution in order to speed up the 
process and to prevent some solu- 
tions from attacking the metal 
itself. If the item has an oily coat- 
ing on it, it is immersed in a ben- 
zene or carbon tetrachloride solu- 
tion. In all cases the object is 
washed in water and carefully 
checked before it is accepted for 
the electro-deposition steps. 

If a zinc, cadmium, or tin plating 
is to be applied, the item is plated 
directly. Agitation of the solution 
prevents any gas formation from 
cutting off the process, and strate- 
gically placed electrodes will insure 
complete coverage. Zinc plating is 
used mainly for the protection of 
iron and steel from corrosion by 
water in the cases of underseas and 
outdoor equipment. The best pro- 
tective plating is provided by a 
zine cyanide solution, with a cur- 
rent density of about 2 amps/sq. 
dec. and a temperature of about 40 
degrees Centigrade. The introduc- 
tion of mercury or molybdenum to 
the process, either in solution or by 
means of the anodes, will increase 
the brightness of the finish. 

Cadmium, plated alone or in com- 
bination with zinc, has found its 
greatest use in the protection of in- 
dustrial and underseas equipment. 
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Recent tests have shown that a 
zinc-cadmium coating lasts longer 
than one of either metal alone. Tin 
may be plated from an acid or alka- 
line bath, although the acid bath 
gives better current efficiency. A 
solution of tin sulfate, sulfuric acid, 
and glue, at a current density of 1 
to 2 amps/sq. dec. and a tempera- 
ture of 40 degrees Centigrade would 
be generally satisfactory. 


Base Metals 


If the article is to be plated with 
chrome, nickel, silver, or gold, it 
requires a base metal, usually cop- 
per, before the final plating. This 
base is necessary for nickel and 
chrome, and very desirable for sil- 
ver and gold, because it increases 
the durability and color of the fin- 
ished product. The base is applied 
for about one minute at a very 
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Nickel-plated Aluminum. Magnification 
x. (Diagrammatic.) 


high current, and then for about 
two hours at a smaller amperage. 
The initial “strike” will prevent 
acid in solution from affecting the 
object during the process. The arti- 
cle is next cleaned in a cyanide 
solution to neutralize any acid 
which adheres to the surface, and 
then rinsed in water to neutralize 
the cyanide. The object is then 
checked for uneven deposits on the 
surface called blisters. If there are 
several noticeable blisters, all the 
copper must be removed and the 
entire process begun over again. 
Chromium plating is perhaps the 
most important of the recent de- 
velopments in the electroplating 
field from the commercial angle. 
The bright polish, durability, and 
resistance to stains which result 
from a proper chromium plating 
have made it desirable for items de- 
signed to appeal to the public taste 
for beauty and value. However, 
chromium solutions have poor 
throwing power and the process is 


a difficult and exceedingly precise 
one. A slight variation from the 
proper conditions of concentration, 
current density, temperature, or 
time of reaction will seriously affect 
the results. To generalize on these 
conditions would be misleading and 
consistent with the extreme deli- 
cacy of such an operation. 

Nickel is used as a base metal for 
chrome finishing, as a component 
of nickel-cobalt coatings, which are 
very durable and lustrous, and as a 
protective element in its own right. 
Gold and silver, the more expen- 
sive, and consequently less prac- 
tical, metals to plate, from an in- 
dustrial standpoint, have found ex- 
tensive use in the finishing of 
jewelry, ornaments, and similar fin- 
ery. Their popularity is established, 
however, and a good deal of time is 
being devoted to the improvement 
of polish and color of these plat- 
ings. Gold, for example, has been 
plated with varying shades of 
green, red, and white by adding 
silver cyanide, copper, and _ nickel 
respectively to the electrolyte. 

An interesting sidelight to the 
plating industry has been the dis- 
covery of the fact that certain 
metals, when plated in increasing 
thicknesses, produce colors which 
repeat themselves in cycles. Copper 
oxide, if plated in thin uniform 
coats, will produce a new color at 
regular time intervals until nine 
cycles of five colors each have 
elapsed. 


Progress to be Made 


The industry at present is handi- 
capped by a lack of standardiza- 
tion, which in many cases leads to 
outright guesswork on the part of 
employees. The very nature of the 
work involves details and specific 
relationships too numerous to re- 
cord, and many successful combina- 
tions and specialties, like a cook’s 
recipes, remain unpublicized, un- 
classified, and unexplained. The 
growth and expansion of the indus- 
try, however, coupled with the new- 
ly aroused theoretical interest in 
electroplating, are significant omens 
of the way ahead; and as problems 
pass from the shop to the labora- 
tory, as science and industry pro- 
gress hand in hand, we may look 
confidently to the future and pre- 
dict increasing benefits from the 
field of electroplating. 
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ustrial Air Pollution 


In recent years the problem of 
air pollution has become increas- 
ingly important. Pollution presents 
not only a problem of appearance, 
but also a problem of health and 
economics. A city with smog-laden 
atmosphere is not only an un- 
pleasant, dirty, place to live, but 
is also unhealthy when certain 
toxic compounds are contained in 
the smog. Municipal authorities 
have paid special attention to air 
pollution in recent years, and many 
cities have special smoke ordin- 
ances regulating the amount of air 
pollution from industrial smoke 
stacks. Industry is interesting in 
preventing air pollution because 
many materials contained in the 
smoke and gases can often be re- 
covered and reused or sold. 

The measurement of smoke in- 
tensity in a chimney is complicated 
by the very nature of smoke it- 
self. The smoke tends to cling to, 
and coat, lenses and glass placed 
in the chimney, necessitating high 
maintenance costs and affecting 
the accuracy of the instruments. If 
samples of smoke are drawn off, 
the smoke clogs the pipes with 
fly-ash and cinders. This clogging 
necessitates high maintenance costs. 
The ambient temperature in and 
around the chimney affects electri- 
cal devices. Filament-operated de- 
vices have their accuracy affected 
by the varying temperature, and 
photoelectric cells change their 
emission qualities when subjected 
to long heat exposure. If the smoke 
is removed from the chimney to a 
cooler spot, rust and corrosion by 
water and sulfur condensates cause 
trouble with equipment. Because of 
the difficulties encountered in 
measuring smoke concentration, 
many methods have been devised, 
but none of them eliminates all of 
the difficulties just mentioned, 
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By IAN J. MARWICK, EE °53 


Qualitative Methods 

One of the earliest methods of 
determining smoke density was 
through the use of Ringlemann 
charts. At the time these charts 
were introduced, people assumed 
that the soot and fly-ash content 
of smoke was directly proportional 
to the visual density. Ringlemann 
charts consist of a series of black 
lines on a white background. The 
width of the lines and the area of 
the white spaces are varied to give 
different degree of intensity. These 
figures form a large chart which is 
placed in line with the chimney 
about fifty feet from the observer. 
A comparison of the apparent gray- 
ness of the charts with the visual 
density of the smoke gives a Ringle- 
mann number between 0 and 4 as 
a measure of the smoke density. 
Ringlemann charts provide an easy, 
fast, and cheap method of deter- 
mining smoke density. They deter- 
mine only the apparent visual den- 
sity, but since this is what the 
public sees and is concerned about, 
many cities specify a maximum 
Ringlemann number in their smoke 
ordinances. The disadvantages of 
Ringlemann charts are as follows: 


1. The type of illumination 
through the smoke has con- 
siderable effect on the read- 
ings. If the sky is light a 
higher reading is obtained 
than if the sky is dark be- 
cause the charts measure the 
amount of light transmitted 
through the smoke. 

Wind velocity affects the 
readings by dispersing the 
particles more rapidly. 

High humidity will give a 
higher reading because the 
smoke tends to remain con- 
centrated and is not so easily 
dispersed by the wind. 


4. The diameter of the chimney 
affects the reading because 
the smoke has more oppor- 
tunity to disperse inside the 
chimney, although the actual 
amount of smoke may still be 
the same. 

Difficulty is found in obtain- 
ing consistent readings due to 
human error. The reading is 
a person’s estimation of the 
color comparison, and will 
vary from person to person. 

Ringlemann charts are accept- 

able for city control of smoke where 
apparent density is the chief factor, 
but will not give any quantitative 
readings of smoke measurement. 

The umbrascope is a measuring 

device having a sighting tube 
into which smoked lenses may be 
inserted. These lenses are half 
smoked and half clear glass and as 
many as four lenses may be insert- 
ed in series in the field-of-view of 
the tube. By sighting the smoke 
through the clear glass and com- 


Fig. 1. Schematic of eneregy transmission 
system used for measuring density of 
waste smoke products leaving the stack. 
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paring its intensity with the 
smoked lenses, a measure of smoke 
density may be obtained. The read- 
ing range from 0 to 4 corresponding 
to the number of lenses inserted to 
match the smoke density. This in- 
strument is easier to use than the 
Ringlemann charts and is some- 
what more accurate, but still has 
the same five disadvantages of the 
Ringlemann charts. 


Quantitative Methods 


The filter spot method of smoke 
measurement involves drawing a 
given volume of smoke through a 
filter paper and measuring the in- 
tensity of the dark spot produced. 
A sampling tube opening directly 
into the chimney removes smoke 
which is then drawn through the 
filter by a vacuum pump. The spot 
cbtained is compared with stand- 
ards ranging from 0 to 9 by steps 
of % a unit and a measure of the 
intensitv is obtained. This method 
is reasonably accurate and has more 
gradations the previous 
methods, but accuracy is affected 
by the color and size of the smoke 
particles. Light-colored smoke 
gives a low reading even though its 
particle size also affects readings. 
Large particles tend to give a 
higher reading than small fine par- 
ticles, although the smoke inten 
sities may be equal. Variations o 
the method are: Measuring the 
spot intensity by means of a photo- 
electric tube, which eliminates 
human error and achieves greater 
accuracy, but still does not com- 
pensate for light-colored smoke; 
Weighing the amount of smoke de- 
posited on the filter paper, which 
will give a value independent of 
smoke color, particle size, and 
human error in comparing inten- 
sity. 

Another method for measuring 
smoke intensity uses a cool glass 
rod which is inserted directly in 
the smoke chamber. The smoke, in 
passing over the rod, collects due 
to condensation and collision of 
particles with the rod. At one-half 
the exposure time, the rod is rotat- 
ed 180 degrees to allow particles 
to collect evenly. At the end of the 
exposure time, the rod is removed 
from the chamber and readings of 
the smoke intensity are taken. 
Readings are made by inserting 
the rod into a special device, con- 
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taining a photoelectric tube, which 
measures the amount of light trans- 
mission through the rod and gives 
a reading from 0 to 100 for low and 
high smoke intensities. 


Energy Transmission Methods 


Two systems of measurement in- 
volve energy transmission through 
the smoke. One measurement is 
made by a photoelectric tube and 
the other by a_ bolometer. The 
photoelectric method consists of a 
source of light which transmits 
radiant energy through the smoke 
to photoelectric tube. The 
amount of light which the smoke 
|transmits is measured by the tube 
and is recorded on a meter. The 
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Fig. 2. The electrostatic precipitator uses 
high voltages to precipitate particles 
causing air pollution. 


bolometer method is practically the 
same, except that it measures the 
amount of heat _ transmitted 
through the smoke. A parabolic re- 
flector. focuses the energy on a 
filament, thus increasing the fila- 
ment temperature. As the tempera- 
ture of the filament increases, its 
resistance is increased and record- 
ed on a meter. The bolometer is 
briefly described in this section; 
the photoelectric measuring device 
is much the same except that the 
receiver is a photoelectric tube and 
not a filament. 

The bolometer (Fig. 1) consists 
of a 4-inch diameter tube through 
a diameter of the chimney. A long 
slot 3 inches wide is cut through 
both sides of the tube and aligned 


with the direction of the flow of 
smoke. At one end of the tube is 
a light source, usually a standard 
150-watt spotlamp. At the other 
end of the tube is the receiving 
element, a temperature-sensitive 
filament. The incident energy in- 
creases the temperature of the fila- 
ment, thus increasing the filament 
resistance. This change in resist- 
ance is electrically translated into 
smoke intensity readings and re- 
corded on a meter or graphic re- 
corder. The energy reaching the 
receiving end of the tube is con- 
centrated by a parabolic reflector 
behind the element, causing larger 
temperature changes and enabling 
the use of less-sensitive equipment. 
Often automatic equipment is at- 
tached to the bolometer output to 
control air or steam-jet valves in 
the heating system and thus auto- 
matically compensate for any in- 
crease in smoke intensity. The sys- 
tem can also sound an alarm if 
smoke concentration exceeds a 
maximum predetermined __ limit, 
signalling the operator to take cor- 
rective measures. The space in the 
receiver is evacuated to prevent 
oxidation and radiation inside. To 
counteract the problem of particles 
collecting on the lenses of the spot- 
light and bolometer, air vents are 
provided. Air enters these vents 
due to the sub-atmospheric pres- 
sure inside the smoke stack and 
continually removes any particles 
which could enter the ends of the 
tube and collect on the lenses. The 
indicator of the bolometer is us- 
ually a large bold-scale meter 
having a dial-length of about 30 
inches. Another instrument often 
added is a graphic-recording meter 
to provide a continuous, permanent 
record of smoke intensity for ref- 
erence by plant engineers, city of- 
ficials, and other interested parties. 
The bolometer is calibrated at 100, 
the maximum smoke intensity, by 
extinguishing the spotlamp, giving 
a zero value of incident energy on 
the filament. To calibrate to zero, 
the instrument is operated when 
there is no smoke present in the 
smoke stack. The recorder now 
gives readings ranging from 0 to 
100 which are directly proportional 
to the smoke intensity inside the 
smoke stack. 


(Continued on page 36) 
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Faculty Profile 


By DAVID SCHERAGA, ME °54 


Professor Thomas J. Baird 


The office at 101 East Sibley is 
somewhat bizarre. A pattern of 
criss-crossed strings forms an arti- 
ficial ceiling half-way up the twen- 
ty-foot walls; a single bright yellow 
drape, extending from the ceiling 
to the floor, adorns the solitary 
window; freehand drawings line the 
walls; and to top it all off a con- 
spicuous looking camshaft, sug- 
gestive of a lonely cactus plant, sits 
on the desk. These props are the 
result of Professor Thomas Baird’s 
efforts to “humanize” his office and 
bespeak, in no small part, his en- 
thusiasm for contemporary design. 

It is not too surprising to learn, 
therefore, that Professor Baird is 
an architect by trade, although he 
has been instructing engineers in 
the rudiments of descriptive geom- 
etry and mechanical and freehand 
drawing since joining the Sibley 
faculty in 1945. These courses, by 
their inherent nature, have given 
him the opportunity to work with 
his students and know them as in- 
dividuals rather than just as faces 
in a large lecture. They have been 
challenging, too, in that he has as- 
sumed the task of stimulating crea- 
tivity and imagination in students 
whom, he feels, otherwise lack 
courses which develop these attri- 
butes. To him, these are the basic 
tenets of all professional work. 

In freehand drawing, Professor 
Baird tries to accomplish the double 
purpose of immediate practical ap- 
plication of the material to engi- 
neering, plus cultural orientation to 
the expressions of the contemporary 
world. As he sees it, the same quali- 
ties are evinced in all modern ex- 
pression, be it industrial design, 
architecture, music, painting or 
otherwise. To make his classes more 
appreciative of this, he takes them 
to various buildings and places on 
campus to witness examples of 
modern design, and to make them 
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more aware of form and proportion. 
Aside from developing skill with the 
pencil, the course also molds the 
proper mental approach to the solu- 
tion of design problems. Effort is 
made to establish and stimulate 
habits of creative thinking, utiliz- 
ing the freehand technique to aid 
in the creation of ideas. 

Professor Baird has become as 
much a part of the course as the 
material itself. His classes are 
warm and informal and students 
find that they can freely express 
themselves, both orally and artis- 
tically. He is soft-spoken, but em- 
phatic and uses descriptive speech 
occasionally garnished with a mild 
epithet. The fact that he appre- 
ciates a good joke is made evident 
to anyone who converses informally 
with him. 


The professor first came to Cor- 
nell in 1921 from Cleveland, Ohio, 
his home town. After receiving a 
bachelor’s degree in architecture, 
he remained in Ithaca on a fellow- 
ship and eventually wound up de- 
signing exclusive homes throughout 
the country for the noted architect, 
Bryant Fleming. In 1940, another 
fellowship took him to the Cran- 
brook Academy of Art in Michigan, 
where he studied city planning and 
industrial design under the Finnish 
architect, Saarinen. He then re- 
turned to Cornell to teach land- 
scape design in the floriculture de- 
partment while working for the de- 
gree of Master of Regional Plan- 
ning. The need for descriptive 
geometry instructors during the war 
then brought him to Engineering, 

(Continued on page 42) 
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The importance of being able to use the Eng- 
lish language to express our thoughts and to un- 
derstand the thoughts of others is generally 
accepted today as a requisite for success in any 
field. It applies to doctors, lawyers, beggars and 
thieves. It also applies to engineers. An organiza- 
tion which has studied the correlation of apti- 
tudes with attainments discovered that facility 
with language was a more common characteristic 
with bank presidents than facility with figures. 
Close scrutiny would probably reveal the same to 
be true of Hollywood producers. 

That engineers as a group are deficient in 
being able to say what they mean or to understand 
what is being said to them is an old chestnut, to 
which I take exception. It has been harped on for 
so long that some of us are apt to get apologetic 
about it. 

There may be a basis for such an assumption 
historically. Less than fifty years ago the stan- 
dards for literary excellence (and for public 
speakers) included a floweriness which does not 
exist today. Engineering training has always been 
towards directness, simplicity and economy. It is 
understandable that an engineer’s directness 
might have been interpretated as a deficiency in 
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expression in the era of hoop skirts and frilly 
petticoats and corset stays—in the era of archi- 
tectural gewjaws and gimcracks and fancy 
perches for pigeons. 

In that age life was more simple, so we com- 
plicated the details. Now the world is complicated 
by our own inventions—there is too much going 
on—too great a demand on our time—so we are 
forced to simplify the details and take vitamin 
pills and read digests of digests. 

Today, good writing and speaking calls for 
brevity and directness. It necessitates taking out 
useless words. The simple understandable word is 
preferred to the multisyllable word which re- 
quires a dictionary. It is the kind of expression 
for which an engineering training is well suited 
—a training in finding the shortest distance be- 
tween two points, in using the minimum of labor 
and material. Perhaps there is a remote connec- 
tion between this fact and the unprecedented de- 
mand for engineers. 

Of course engineers are able to express them- 
selves and do it well. The undergraduates who 
produce this magazine give us evidence of that. 


Frederic C. Wood 
THE CORNELL ENGINEER 
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ALUMNI 


NEWS 


John W. Hurley, C.E. ‘10, came 
to Cornell from George Junior Re- 
public at Freeville, where he had 
served first as judge and then 
as president, and of which he is 
now both a trustee and a dis- 
tinguished alumnus. He brought 
with him a reputation for energy 
and integrity, together with a 
scholarship to Cornell supplied 
through the Republic. 

After his graduation, John joined 
the U.S. Engineers and spent the 
next nine years combating the 
Mississippi River in the Memphis 
area through the construction of 
revetments and the Abattis dikes. 
After thirty years the Mississippi 
and the Hurley job are holding 
each other to a mutually creditable 
draw. In John’s tenth year in the 
Memphis area, he built the Con- 
sumer’s Cotton Seed Oil Mill as 
resident engineer for Swift and 
Company. 

It wasn’t until 1920 that John 
found his permanent niche in life, 
this time with the Griffin Wheel 
Company, manufacturers of rail- 
road wheels in eleven plants scat- 


John W. Hurley 


tered about the country. Beginning 
as resident engineer, he became in 
1927 chief engineer of the Griffin 
Engineering Company, which un- 
der him has greatly improved 
foundry practice through the de- 
velopment of the Griffin Hot Blast 
Cupola, which uses waste gases 
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to heat the incoming cupola blast 
and is now considered standard 
equipment in many firms. 

The Hurleys live at 436 Arlington 
Street, Glen Ellyn, Illinois. They 
have a son and two daughters, all 
married, and four grand-children 
to date. 


Among the 50 Americans chosen 
in the January issue of Popular 
Mechanics for a “Golden Anniver- 
sary Hall of Fame,” were a Cornell 
faculty member and two alumni. 
The group was selected on the 
basis of success in mechanics, sci- 
ence, and discovery. Professor Hans 
A. Bethe of the physics staff was 
recognized for his “basic research 
in theoretical physics, his theory 
of atomic nuclei, his discoveries on 
the energy production of stars, and 
for his shock wave theory.” Thomas 
Midgely, Jr., °11, was honored “for 
his discovery of the antiknock 
properties of tetraethyl lead... . 
vital to powerful and modern 
engines.” Professor I. I. Rabi, ’33, of 
Columbia also received notice “for 
discoveries in physics pertaining to 
magnetism in regard to molecules, 
resulting in much new information 
in the atomic and molecular struc- 
tures; also for radar research.” 


Eight Cornell engineers working 
in various parts of North Africa, 
met on January 17 at the Key Club 
in Casablanca, Morocco. They are 
Salvatore J. Scacciaferro, ‘21, Wil- 
liam F. Summers ‘14, Michael Mar- 
tirosian ‘30, Walter A. Rutes ‘49, 
David J. Swift ‘50, Louis J. Amadio 
‘50 and Alexander D. MacDonald 
‘51. The group hopes to meet 
monthly. 


James J. Munns, C.E. ‘14, has 
had an address published in bro- 
chure form: “Differential Coated 
Electrolytic Tin Plate.” He is vice- 
president of the Weirton Steel 
Company, Weirton, West Virginia. 


Frederick Ohrt, C.E. ‘11, has 
been elected an honorary member 
of the American Society of Civil 
Engineers. The recognition was for 
his work during the last quarter 
century in water development and 
conservation and his studies of 
salt water intrusion on Pacific in- 


Frederick Ohrt 


lands, with special emphasis on 
the water resources of Hawaii. 
Ohrt is manager and chief engi- 
neer of the Honolulu water sys- 
tem. He lives at 2958 Nuvanu 
Street, Honolulu, Hawaii. 


Sephen C. Hale, M.E. ‘12, is the 
chief engineer at the Fulton Bag 
and Cotton Mills in Atlanta, Geor- 
gia. He lives at 1403 Emory Road 
NE, in Atlanta. 


Howard P. Corwith, M.E. ‘16, 
is vice-president in charge of de- 
velopment and research with West- 
ern Union Telegraph Company, 60 
Hudson Street, New York City 13. 


Alfred R. Thomas, M.E. ‘23, vice- 
president of the Guaranty Trust 
Company of New York, has been 
advanced “to become associated 
with general management” of his 
company. He has been vice-presi- 

(Continued on page 48) 
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Mcllroy Appointed 
Assistant Dean 


Cornell’s President, Deane W. 
Malott, has announced the ap- 
pointment of Professor Malcolm S. 
Mcllroy as assistant dean of the 
College of Engineering at Cornell, 
effective July 1. Professor Mcllroy 
will give some time to dean’s office 
affairs this spring to be in position 
to carry on following the retirement 
of Assistant Deans Walter L. Con- 
well and Robert F. Chamberlain 
this summer. He will continue in 
his present capacity as assistant di- 
rector of the School of Electrical 
Engineering until July 1. 

Professor McIlroy was graduat- 
ed from the electrical engineering 
course at Cornell in 1923 and re- 
ceived the Doctor of Science degree 
at Massachusetts Institute of Tech- 


Professor Mcllroy 


nology in 1947. Before joining the 
Cornell staff in 1947, he was with 
the General Electric Corp., Pough- 
keepsie. He also taught at M.LT., 
and during the war was assistant 
director of the M.LT. Radar 
School. 

Dr. George Winter, head of the 
Department of Structural Engi- 
neering in the School of Civil Engi- 
neering at Cornell, has been ap- 
pointed to an advisory panel on 
structural engineering of the 
National Research Council’s Build- 
ing Research Advisory Board. 

The seventeen-member group, on 
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which Professor Winter is one of 
two college representatives, will ad- 
vise primarily on matters of con- 
servation in building construction. 


Lounge Remodeled 


Students and faculty members 
will soon be treated to a brighter 
and more comfortable place to re- 
lax as a result of the remodeling 
now being done on the Engineer’s 
Lounge in Sibley basement. 

Recognizing the need for new 
furniture and fixtures, Kappa Tau 
Chi honorary recently staged a 
fund-raising campaign to finance 


the project. Its goal was to solicit 


enough money to purchase new 
lights, magazine subscriptions, 
furniture, ashtrays and 
other items to dress up the other- 
wise plain looking room. 

The Department of Buildings 
and Grounds has consented to re- 
cast the entire floor, which was in 
dire need of repairs, and lay a new 
one covered with tile. It will also 
build a cinder-block wall to conceal 
the steam controls and pipes. 

A committee is now being form- 
ed to supervise the lounge and pro- 
mote it as the focal point of all 
engineering activities. Any student 
interested in working on the com- 
mittee is requested to contact Jim 


Beveridge at It. 4-9146. 


NACA Appointments 


Seven members of the staff of 
Cornell University have been ap- 
pointed members of technical sub- 
committees of the National Advis- 
ory Committee for Aeronautics for 
1952. The appointments are: Dr. 
Theodore P. Wright, Vice Presi- 
dent for Research, reappointed 
Chairman of the Committee on 
Aerodynamics; Dr. C. C. Furnas, 
Director of the Cornell Aeronauti- 
cal Laboratory, reappointed a 
member of the Committee on Air- 
craft Construction; Mr. W. R. Mil- 
liken, Jr., Manager, Flight Re- 
search, Cornell Aeronautical Lab- 


oratory, reappointed a member of 
the Subcommittee on Stability and 
Control; Dr. William R. Sears, 
Graduate School of Aeronautical 
Engineering, reappointed a mem- 
ber of the Subcommittee on Fluid 
Mechanics; and Mr. Clem Trim- 
bach, Head Armament Group, De- 
velopment Division, Cornell Aero- 
nautical Laboratory reappointed 
a member of the Subcommittee On 
Aircraft Fire Prevention. New ap- 
pointments are: Mr. Alexander H. 
Flax, Cornell Aeronautical Labora- 
tory, appointed to the Committee 
on Aerodynamics; and Mr. William 
M. Duke, Pilotless Aircraft Man- 
ager, Cornell Aeronautical Labora- 
tory, appointed to the Subcom- 
mittee on Aircraft Structures. 

In making the announcement, 
Dr. J. C. Hunsaker, NACA Chair- 
man, noted that the four hundred 
aeronautical leaders so honored 
would be of material assistance in 
formulating the NACA’S research 
programs to provide information 
required for the design of superior 
aircraft and missiles. 

Appointees serve in a personal 
and professional capacity without 
compensation. Recognized for their 
leadership in a special field, they in- 
clude engineers from the aircraft 
industry and the airlines, scien- 
tists from universities, and experts 
from the civil and military agencies 
of the Government most concerned 
with aeronautics. 


Engineering Materials Fund 


A fund-raising effort for an en- 
gineering materials center under 
construction at Cornell University 
is within $227,000 of its goal. Walter 
L. Cisler, president of the Detroit 
Edison Company and chairman of 
the thirty-nine member sponsoring 
committee, announced that $509,- 
000 in contributions had been re- 
ceived since January, 1951. He 
stated that, with prior gifts in- 
cluded, the fund has reached 
$1,509,000 toward a final obpective 
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of $1,736,000. 

Of the overall total, $285,000 has 
been given by corporations and 
foundations. Recent gifts include 
$75,000 from the Pew Memorial 
Foundation, Philadelphia, and $50,- 
000 from the Olin Industries Chari- 
table Trust, Inc., East Alton, IIl. 

Construction of the materials 
center began early in 1951 and is 
expected to be completed before 
the end of this year. The structure 
will have two units: a materials 
processing laboratory named for 
Dexter S. Kimball, retired dean of 
the university’s College of Engineer- 
ing, and a materials laboratory, 
named for the late Robert Henry 
Thurston, who headed Sibley Col- 
lege of Mechanical Engineering at 
Cornell from 1885 to 1903. 


Fifth-Year Projects 

In order to acquaint fourth year 
students in Industrial and Adminis- 
trative Engineering with their fifth 
year projects, Kappa Tau Chi, 
mechanical engineering honorary, 
sponsored an informal discussion 
at the Alpha Delta Phi fraternity 
house. It was led by three profes- 
sors and six fifth-year students ac- 
tively engaged in their projects. 
Professor Schultz explained the gen- 
eral purpose of the projects—to 
correlate much of the information 
gathered in the preceding four years. 
Professor Sampson commented 
more specifically on some of the 
recent projects, while Professor 
Saunders, advisor for the projects, 
added general comments and helped 
answer questions. 


Construction of U.N 
Building 

The United States Steel Corpor- 
ation’s film, “The Fabrication and 
Construction of the United Nations 
Building in New York City,” was 
shown at the March meeting of the 
American Society of Civil Engi- 
neers. This technicolor production 
dramatically followed the week-by- 
week progress in erecting one of 
New York’s engineering landmarks. 
On hand at the meeting was a rep- 
resentative of the American Bridge 
Company, who added some supple- 
mentary information on the film. 

One of the principal projects of 
the A.S.C.E. has been the sponsor- 
ship of the Professional Engineer- 
ing review classes. These classes, 
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held periodically during the past 
several months, have been of con- 
siderable assistance to engineers 
preparing for their professional 
Engineer’s Exam. 


Professor Tani Joins Staff 


Itiro Tani, professor of fluid me- 
chanics at the University of Tokyo, 
has joined the Cornell staff as a 
visiting professor in the Graduate 
School of Aeronautical Engineering. 

Dr. Tani, who is supported by a 
traveling fellowship from the Jap- 
anese government, will be at the 
university for at least six months. 
A specialist in the aerodynamics of 
wing sections, he will do research 
and lead seminar discussions on 
work in that field. In 1938 Dr. Tani 
and Dr. William R. Sears, director 
of the Graduate School of Aero- 
nautical Engineering, found from 
technical journals that they were 
working independently on the same 
subject—the aerodynamics of air- 
craft landings; here at Cornell, they 
have become personally acquainted 
for the first time. 

In 1939 Dr. Tani discovered the 
principle of the “laminar-flow air- 
foil,” a type of wing section which 
has less resistance than conven- 
tional ones. The same idea was dis- 
covered independently in America 
at about the same time and has been 
applied to the design of certain 
high-speed aircraft. 

Dr. Tani has worked more than 
twenty years in aerodynamic re- 
search and has incorporated the re- 
sults in numerous papers and three 
books. His most recent volume, 
“The Science of Air Flow,” has been 
adopted by the Japanese universi- 
ties as a textbook for engineering 
students. 


Airport Radar Model 


A topic currently prominent in 
the public eye is air navigation and 
traffic control. Recent disasters at 
Elizabeth, New Jersey, have in- 
tensified this interest and have 
generated greater public demand 
for air safety than ever before. 

In this field the electronics in- 
dustry has not been caught nap- 
ping. For many years it has been 
working for the improvement of 
air safety. One of its most recent 
contributions is an airport surveil- 
lance radar system (called the 


ASR-2) made by the General Elec- 
tric Co. A detail model of this with 
a miniature airport was recently 
exhibited at Franklin Hall and 
may now be seen at the Cornell- 
General Electric Laboratory oppo- 
site Robinson Airport. 

The ASR-2 is a medium range 
radar system which is specifically 
designed to give the air traffic 
controller an all-weather picture 
of traffic conditions within a thirty 
to fifty mile radius of the airport. 
In tests, it has been effective up to 
sixty miles from the station with 
no significant cone of silence over 
the antenna. 

The receiving system of the 
ASR-2 has an efficient moving tar- 
get identification component. This 


A model of an airport equipped with the 
ASR.2 airport surveillance system. 


eliminates responses from mixed 
targets, such as trees, hills, or tall 
buildings, while making stronger 
the responses from moving targets. 
An application of the Doppler ef- 
fect (the change in frequency being 
due to the target motion) makes 
this possible. 

The responses are indicated on a 
plan position indicator, which af- 
fords a continuous picture of the 
target’s location in polar co-ordin- 
ates. A fluorescent screen makes 
the otherwise intermittent res- 
ponses appear steady. 

The operator of this search radar 
is enabled to direct aircraft through 
all sorts of complicated situations. 
Traffic, especially in bad weather, 
will be greatly speeded up. Twenty- 
eight ASR-2 units were manufac- 
tured at the time the General 
Electire model was built, these to 
be installed in the United States 
and possessions, Belgium, and Hol- 
land, 
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Last year the ENGINEER had a 
team that was really “all-star.” The 
season was a long one, but the 
players scored continuously and 
compiled a record that they can 
surely be proud of. Some of these 
“first-stringers” won’t be in the 
line-up next year, but the work 
that they’ve done will be in the 
record book. To these men we ex- 
tend our sincere thanks for the 
fine work they have done and our 
best wishes for the future. 


RICH CHITTENDEN CE ’52 

One of the more prominent of 
this year’s engineering graduates is 
Rich Chittenden. This past year, 
Rich has been editor-in-chief of 
the ENGINEER. 

Born in Seattle, Washington (not 
far from the home of Dean Emeri- 
tus Kimball), Rich went to grade 
and high school in Edmonds, Wash- 
ington, and graduated from Fd- 
monds High School as valedictorian 
of his class. He has made an out- 
standing name for himself at Cor- 
nell through his many activities. 
Rich has been treasurer of Quill 
and Dagger, president of Pi Delta 
Epsilon, and a member of Chi 
Epsilon (CE honorary) and the 
Rod and Bob Club (CE. social 
group). He has been on the Cam- 
pus Life and Radio Committees 
of C.U.R.W., a Frosh Camp Coun- 
selor, and president of Sigma Phi 
fraternity. 

This makes it appear that Rich 
would have little time for himself, 
but somehow he has managed to 
develop and keep an interest in the 
outdcors. He particularly likes ski- 
ing, fishing, boating, and traveling. 

The immediate future is all 
planned for Rich. He has been a 
member of the Cornell Air ROTC 
and, upon graduation, will become 
a Second Lieutenant in the USAF. 
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Retiring Board of 


The Cornell Engineer 


After his service, Rich hopes to 
work either in a construction com- 
pany or in civil engineering re- 
search and development. 
GEORGE SUTTON ME ’52 
George Sutton, retiring managing 
editor of the ENGINEER, graduated 
in 1945 from Brooklyn Tech, where 
he was active on high school pub- 
lications. He enlisted in the Mer- 
chant Marine, but decided later 
that he’d rather have his feet on 
terra firma. He joined the Army 
and was stationed at Okinawa with 
the 8th Air Force. He got out of 
the Army in January, 1947, and 
with the aid of the GI bill and 
three scholarships entered Cornell 
in September, after spending the 
summer as a swimming instructor 


at Budd Lake, N. J. He became 


a member of the Philco Co-op 
Plan and alternated semesters 
working as a draftsman and study- 
ing. He became a member of Tau 
Delta Phi Fraternity and was sec- 
retary and president of that group. 
Besides working for the ENGINEER, 
George found time to serve as a 
member of the IFC scholarship 
committee and as chairman of the 
student elections committee. At 
present he is a member of Atmos 
Club, the °52 Alumni Council, the 
Senior Week committee, and no less 
than seven honoraries: Quill and 
Dagger, Tau Beta Pi, Phi Kappa 
Phi, Pi Tau Sigma, Kappa Tau Chi, 
Pi Delta Epsilon, and Mu Sigma 
Tau. 

George’s hobbies are tennis, 
swimming, photography, and paint- 
(Continued on page 60) 


These five “retiring” people are George Sutton and Rich Chittenden, seated, and Bob - 


Critchfield, Tom Foulkes, and Stan Cohen, standing. Ted Blake is absent. 
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EDUCATION FOR COLLEGE 


A TAU BETA PI ESSAY 


Colleges, especially — technical 
colleges, have recently been ex- 
posed to a considerable amount of 
criticism from several sources in- 
cluding the press, many educators, 
certain members of the public, and 
internally from many students, 
faculty members and alumni. The 
complaints range from the alleged 
and proven ignorance of a great 
bulk of the college students of the 
basic facts of regional and worid 
history and geography to their in- 
adequate ability to use their own 
language effectively in speech and 
about the impostion of an extra 
year to the former four year engi- 
neering curriculum which was add- 
ed ostensibly to permit them to 
take more broadly cultural courses. 

Many others are unhappy 
about the several mass elementary 
introductory courses that they 
must take particularly in the so- 
called non-technical faculties. The 
professional educator is troubled 
by the difficulty most new students 
have in adjusting themselves to 
the load of college work and about 
the relatively large number of stu- 
dents, who, failing to make the 
adjustment within the allotted 
time, must ultimately be dropped 
from the college. 

Although these problems appear 
to be entirely distinct and suscept- 
ible to solution along entirely sep- 
arate lines, it is probably more use- 
ful to consider them all as aspects 
of a single problem of which these 
are but the symptoms. The basic 
problem is the immaturity of the 
students who enter the college— 
an immaturity that is not charac- 
teristic of their youthful age but of 
their incomplete educational and 
intellectual development. The bulk 
of the students are not ready for 
what college has to offer to them, 
and in particular they are not ready 
for what the college should be 
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By PAUL SZASZ, EP °52 


ready to offer to them if they were 
to keep their educational level un- 
debased. 

There are two ways in which 
colleges could move to meet the 
principal problems. These may fac- 
ily be distinguished by saying that 
one of them involves the adjust- 
ment of the curriculum to the de- 
ficiencies of the students, and the 
other involves the training of the 
students to benefit from the un- 
diluted curriculum. Most colleges 
have adopted the former method. 
They offer compulsory freshmen 
English composition courses and 
introductory courses  mathe- 
matics and the other basic tools 
of scientific and intellectual in- 
quiry; to meet the criticism of 
overspecialization and ignorance of 
matters of basic importance to 
every citizen and they offer a num- 
ber of fundamental survey courses, 
again compulsory, for they mis- 
trust the ability of students to 
choose such courses for themselves 
according to their own inclination; 
finally they arrange for special lec- 
ture series and orientation pro- 
grams—all in attempt to arouse 
intellectual curiosity in an inert 
mass of students, rather than ar- 
range the curriculum to satisfy 
intellectual needs that had pre- 
viously been awakened. In order 
to do all this, and still give each 
student a sound basic technical 
training, and a certain amount of 
advanced specialization, they have 
been forced to expand their courses 
both in length and in breadth, until 
the very work acts as an inhibitor 
rather that as a stimulant to in- 
dependent intellectual activity. In 
other words colleges have set them- 
selves the difficult task of simul- 
taneously providing the student 
with an excellent technical educa- 
tion and a patchwork of culture or 
learning designed to cover rather 


than fill the gaps in their know- 
ledge. 


Yet there might be an alterna- 
tive method of meeting this prob- 
lem which would involve the train- 
ing of the student to make the 
proper use of a college education 
independently and from the first 
day of his freshman year. It might 
be objected that this is on the face 
of it impossible since it appears to 
involve training the student be- 
fore he even enters college. But it 
must be remembered that college 
is definitely not the first educa- 
tional experience that students are 
exposed to, but rather it is the 
culmination of a period of train- 
ing that has continued for twelve 
years before the freshman ever 
enters college. If it can truly be 
said that the majority of students 
entering college are unprepared for 
the intellectual effort that they 
will have to make there, the blame 
for this must be laid at the door of 
our institutions for primary and 
elementary instructions, the Public 
School and the High School. Dur- 
ing the twelve years that most stu- 
dents spend in these schools it is 
expected that the student will 
have: (1) acquired the basic tools 
for intellectual inquiry; (2)  re- 
ceived an education in the funda- 
mentals of the democratic process, 
including the basic understanding 
of politics, history, geography, eco- 
nomics, etc. that will enable him 
to make intelligent decisions as a 
voter and participant in civic af- 
fairs; (3) the fundamental train- 
ing in the work which he shall pur- 
sue immediately upon leaving the 
school, whether that work be in 
business, industry, or in college, 
and (4) an aroused intellectual 
curiosity which will carry over into 
the next stage of their life, whether 


(Continued on page 44) 
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ENGINEERS 


During the past few years the Reserve Officers 
Training Corps program has grown tremendously be- 
cause of the increased need for officers in an expand- 
ed Armed Force made necessary by this turbulent 
world situation. The planners of our Armed Forces 


ove: Robert Kormandy and John Angus, AFROTC 
mmunications Cadets, adjust calibration on an aircraft 
_ set used for air-to-air and air-to-ground communica- 
tign. 


Above: Lt. Col. Warren in- 
structs a Signal Corps class in 
the basic theory of radio with 
the aid of a working bread- 
board model. 


Left: NROTC students Don 
Glickman and Skip Grevatt 
examine a scale model of a 
fire-room of a battleship en- 
gineering plant. 


recognized a large officer potential in the future col- 
lege graduates of our country, and therefore offered 
to those students interested in the ROTC program the 
Opportunity to join it. 
The present program permits students to obtain 
(Continued on next page) 


Edward J. Watson talks into a transmitter as ' 
John Moyer checks the set’s frequency; meanwhile, Mau- 
rice Grenoble listens on a walkie-talkie. The action takes 
place in an Army Signal Corps class. 


Above: Air Force Communi- 
cations student Charles Juran 
records data as Mark Myers 
tunes a radio compass nor- 
mally used for radio navigation 
of aircraft. 


Right: Major Weiner uses a 
training board to explain the 
operation of a retractable post 
rocket launcher to Air Force 
Armament students Kenneth 
Barney, Elmer King, and Glen 
Ostrander. 


Engineers In ROTC 


a general technical education in the operation of one 
of the three major branches of the Armed Forces— 
the Army, Navy, or the Air Force—and then to go on 
to some specialized field within one of these branches. 
At the same time he pursues his normal course toward 
a University degree. 


At Cornell, the Army’s program includes the 
Signal Corps, Ordnance, Field Artillery, Quartermas- 
ter, and the Veterinary Corps. The Navy offers train- 
ing toward commissions in the Line and in the Marine 
Corps, and the Air Force enables students to specialize 
in Communications, Armament, Flight Operations, or 
Administration and Logistics. 
The fields of main interest to engineers are the . 
Signal and Ordnance Corps in the Army, the Navy’s Above: Cadets William Kampf, Robert Strehlow, and Steven Wallman 
Civil Engineering Corps and technical courses in the examine a cutaway of a Chevrolet engine as part of their Ordnance 
Line program, and the Air Force’s Communications ——— 
and Armaments Departments. The pictures on these Below: Marv Anderson adjusts a Loran set during navigation instruction 
pages show the types of training the students are as Dick Cavicke and Charles Rodes look on. 
given and some of the equipment available for their 
instruction. 


CONSTANT VELOCITY UMIvERSAL 


BRAKE FLANGE 


Above: Major Nelson instructing an Ordnance class in the operation o 
a constant velocity universal joint. 


——— William Heinsohn, Richard Lofberg, and William Zwigard ex- 
amining bomb fuses in an Army Ordnance Class. 
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“On Target” Today 
demands 
electronic computations 


Today’s gunnery is a far cry from the days of slugging 
it out at close range — it demands split-second 
solutions to constantly varying, increasingly complex 
mathematical problems. Only continuous 
engineering advances in electronic instrumentation can 
accomplish this feat. 

Thirty-four years of outstanding engineering 


This booklet — “Engineering at Arma” — emphasizes the 
import of engi » physicists and mathematicians 
at Arma. You may find it the prologue to your career. Write 
for your copy to Engineering Division, Arma Corporation, 
254 36th Street, Brooklyn 32, N. % 


design and precision manufacture have gone into Arma’s 
leadership in this vital supply link to our nation’s 
Armed Forces. Through specialized knowledge in 
electronic instrumentation, in the years to come 

Arma will contribute even more significantly to our 
industrial and military might. 


ARMA. or oration 


254 36th Street, Brooklyn 32, N. ¥ 
SUBSIDIARY OF AMERICAN BOSCH CORPORATION 


PIONEERING IN INSTRUMENTATION FOR 34 YEARS 
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AN INTRODUCTION TO 
THE CHEMISTRY OF THE 
SILICONES, by Eugene G. 
Rochow. 2nd edition. 213 pages. 
John Wiley and Sons, Inc., New 
York, N. Y., 1951. $5.00 

The versatile silicones are re- 
ceiving more and more attention as 
special oils, greases, rubbers, and 
paints for severe, high-temperature 
service where other materials fail. 
They remain relatively high-priced, 
but apparently many modern de- 
sign conditions are demanding their 
use, since their production is in- 
creasing at a remarkable rate. 

The author of this book received 
his bachelor’s degree in Chemistry 
from Cornell in 1931 and remained 
to obtain a Ph. D. in 1935. His 
thesis subject was closely related 
to the silicones and his early work 
at the General Electric Company 
led directly to their industrial de- 
velopment. This wealth of experi- 
ence is one of the reasons for the 
authoritative presentation of his 
subject. 

The second edition of this book 
is a marked improvement over the 
first edition. The subject matter has 
been expanded from 137 to 213 
pages. Much new material has been 
added, including an excellent chap- 
ter on the physical chemistry of the 
silicones, and revisions have been 
made throughout the book to bring 
both subject matter and references 
up to date. The discussion of the 
uses and properties of the sili- 
cones suggests many interesting 
and important applications of these 
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BOOK REVIEWS 


materials. A new chapter gives the 
properties of the various commer- 
ially available silicones in conven- 
ient tabular form. 

The first edition was published 
in 1946 and suffered from wartime 
restrictions on the quality of paper. 
The- second edition is completely 
different in this respect. Quality of 
paper, type, and style are excellent. 

The first few chapters introduce 
the reader to the basic chemistry 
of these unusual materials. Then 
laboratory and commercial methods 
of preparing raw materials, inter- 
mediates, and finished products are 
discussed. Uses and properties are 
treated in detail and a separate 
chapter on methods of analysis is 
included. 

The book is written for chemists 
and chemical engineers who have a 
good background in chemistry. A 
thorough knowledge of chemistry 
is required to understand much of 
the subject matter, but engineers 
will find the book useful as a ref- 
erence that presents and discusses 
uses and properties of these impor- 
tant materials. 


Chas. C. Winding 
Professor of 
Chemical Engineering 


AUTOMATIC FEEDBACK 
CONTROL, by William R. Ahrendt 
and John F. Toplin. First Edition. 
McGraw-Hill Book Company. 
The first six chapters of this ex- 


Chemistry of the Silicones 
Automatic Feedback Control 


cellent text on automatic feedback 
control were privately printed by 
the authors in 1946 under the 
title “Automatic Regulation” and 
are concerned with the general prin- 
ciples and theory of the subject. 
The field of feedback control sys- 
tems has reached its present state 
of advancement through the work 
of many diversified groups isolated 
from each other by the apparent 
difference in the physical nature 
of their problems. The authors of 
this book have done an excellent 
piece of organization in developing 
the general theory applicable to all 
groups, which is followed by ex- 
amples of application employing 
electrical, mechanical, hydraulic 
and pneumatic systems, or com- 
binations of these. The book is one 
of the first in the field to use the 
recently recommended AIEE- 
ASME-ASA symbols and termino- 
logy, for which the authors are to 
be commended. 

The introductory chapter dis- 
cusses the broad significance of 
feedback control throughout na- 
ture and human civilization and is 
followed by an excellent chapter 
on the dynamical analysis of phy- 
sical systems. The text presup- 
poses a working knowledge of dif- 
ferential equations, but the treat- 
ment concerning the setting-up of 
the equations is sufficiently clear 
that one with little work in this 
branch of mathematics should ex- 
perience no difficulties. There is 
included a good, concise treatment 
of the Laplace Transform method 

(Continued on page 54) 
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A bottle of milk is the last scene in the 
last act of the cow-to-cup drama. 

The real stars in this drama are milking 
machines, pasteurizers, bottle washers, 
homogenizers, and delivery trucks. 
Synthane—a laminated plastic— 
plays an unseen but essential part in these 
and other kinds of electrical and 
mechanical dairy equipment. 

The dairy industry appreciates, 
as you may, the fact that Synthane is strong, 
light in weight, chemical-resistant, 
easily machined, and a good electrical 
insulator—all rolled into one. And that it is 
available in sheets, rods, tubes, 
and fabricated parts. 

Try Synthane laminated plastics yourself. 
There is an interesting 26-page catalog of 
its properties and possibilities waiting 
for you. Synthane Corporation, 

1 River Road, Oaks, Pennsylvania. 


AIRCRAFT electronics system port, 
made from Grade LE Synthane. Appli- 
cation requires good electrical prop- 
erties, resistance to moisture, retention 
of size and shape ot elevated tem- 
peratures. 


Swithane-one of induitije unseen 
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LAMINATED PLASTICS 
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Engineers’ Day — 1952 


The Campus will be treated to the Biggest and Best Show 
yet produced in the Engineering Schools 


The return of spring to the Cor- 
nell campus is heralded not only by 
the pigeons on the Goldwin-Smith 
portico and the swimmers in Beebe 
Lake, but also by the only day dur- 
ing the year which is devoted speci- 
fically to engineering—E-Day. 

The fourth post-war Engineer’s 
Day, sponsored by the Cornell Stu- 
dent Engineering Council, will be 
held this year on Friday, April 25 
and promises to be more enter- 
taining than any previous pro- 
gram. Again, as was done last year 
and in pre-war days, it will be run 
in conjunction with Cornell Day 
when the campus will be thrown 
open to high school juniors and 
seniors brought to Cornell by 
Alumni “chauffeurs”. Over two- 
hundred sub-frosh, many of whom 
are now studying here as a direct 
result of what they saw during E- 
day, 1951, visited the various en- 
gineering buildings last year. 

This year, the students of the 
College of Engineering are planning 
to stage the biggest and best ex- 
hibition of their talents, that the 
campus has yet been treated to. In 
addition to the standard exhibits 
and demonstrations which are be- 
ing repeated by virtue of their 
popularity at previous shows, guests 
will also observe many original pro- 
jects that are now being whipped 
into shape. On view again will be 
such favorites as the three-story 
unit operations laboratory in chemi- 
cal engineering; a revolutionary 
new method of soil solidification 
developed in the C.E. School; all 
the equipment in the mech labs 
and the materials processing shops; 
an airplane gun turret in the E.E. 
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Genuine interest is shown by Prof. Katz and daughter as they view a cut-away model 
during Engineers’ Day, May 1949. 


servo-mechanisms lab; and, if it js 
available, the powerful synchroton 
of the Laboratory of Nuclear 
Studies. These, and many other ex- 
hibits of special and general inter- 


est, will be demonstrated and ex- 
plained to visitors in an effort to 
show what the students and faculty 
are doing within the confines of the 
(Continued on page 48) 
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Keep Learning...but start earning at SPERRY 


GRADUATE ENGINEERS — Join Sperry’s 
engineering team. In one of the 
research, product development or field 
jobs now open, you can apply your 
knowledge immediately and keep on 
learning with pay. 

Good starting pay. Salary increases 
as you progress. You'll enjoy the advan- 
tage of working with acknowledged 
leaders in their fields. And there are no 
routine jobs at Sperry. Every job is a 
challenge to originality, the fresh 
approach. We offer many incentives for 
advanced study and the advanced 
thinking so helpful in getting ahead. 


Immediate Openings 
... for Aeronautical, Electrical, Elec- 
tronic, Mechanical Engineers — Physi- 
cists — Technical Writers — Field 
Engineers for applied engineering both 
in this country and abroad. 


You'll Work in Long Island 
* Attractive location—comfortably out- 
side of but convenient to New York. 
Good housing and living conditions. 
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* Modern plant. Well-equipped labo- 
ratories. Excellent working facilities. 


* Or in the field, there are excellent 
applied engineering opportunities in 
other parts of the U. S. and overseas. 

* Opportunities for rapid advancement. 
Encouragement to continue your 
education, while you earn. 


¢ Liberal employee benefits. 


You'll Work Under a Great 
Leadership Tradition 
The Sperry Gyroscope Company—with 
its 40-year tradition of tackling and 
solving difficult problems—is the recog- 
nized leader in developing automatic 
controls for navigation. From Sperry’s 
work in gyroscopics and electronics 
have come the Gyropilot* flight con- 


troller, Zero Reader* flight director, 
radar, servo-mechanisms, computing 
mechanisms, communications equip- 
ment and many other products used in 
the air, on land and at sea. 

Sperry sponsored the development of 
the klystron tube — the first practical 
source of microwave energy. From 
Sperry pioneering have come a com- 
plete line of Microline* instruments for 
precision measurement in the entire 
microwave field. 

We want more men like those who 
have built up this fine record for Sperry 
— men who can think and work crea- 
tively, and get a thrill out of tackling 
and solving tough problems. It will pay 
men with such qualifications to write... 


Employment Section 1 A 5 


* REG. U.S PAT OFF 


GYROSCOPE COMPANY 


DIVISION OF THE SPER RY CORPORATION 


GREAT NECK, NEW YORK - CLEVELAND - NEW ORLEANS - BROOKLYN « LOS ANGELES - SAN FRANCISCO - SEATTLE 
IN CANADA-SPERRY GYROSCOPE COMPANY OF CANADA, LIMITED, MONTREAL, QUEBEC 
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OIL WILL SHAPE THE FUTURE of mankind, they say, 
which may be true. But one thing is sure: oil is 
essential to our present security. And many prod- 
ucts of U.S. Steel are widely used to wrest oil from 
the earth: “Oilwell’’ drilling and pumping equip- 
ment, National Pipe, Tiger Brand Wire Lines, 
Universal Atlas Cement, and a host, of others. 


WHAT HAS A STEEL MILL to do with soil 
conditioning? A lot. For some of the 
products of steel-making are ideal for 
agricultural use. For example, many 
southern farmers use Tennessee Basic 
Slag to add phosphorus and lime to 
the soil, stimulate luxurious crops. 
Look at the picture: at left, test crop 
of crimson clover and barley grown on 
badly eroded land conditioned with 
Basic Slag; at right, result of same 
planting without Basic Slag. 


MAN SIZE! When you can step into its mouth and look down its 
throat like this, you’ve got a scroll casing for a hydroelectric tur- 
bine that’s really big! This one, of welded steel construction, has a 
98-inch inlet, a 152-inch bore. It’s made by United States Steel. 
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THE DEFENSE PROGRAM calls for steel and more 
steel . . . for weapons, ships, planes, even lowl:; 
barbed wire like this. Only steel can do so 
many jobs so well. And fortunately, United 
States Steel and the more than 200 other steel 
companies in America are able to produce enor- 
mous quantities of this vital metal . . . more 
than all the rest of the world put together. 


wHoppeR. This 96-inch lathe in the Homestead District Works of U.S. Steel 
can turn and bore a 110-ton piece of steel that’s 8 feet in diameter and 66 feet 
long! But to produce quality forgings, it takes fine steel and skilled craftsmen, 
as well as modern machines. United States Steel has all three. 


FACTS YOU SHOULD KNOW ABOUT STEEL. In making the products that are sold under the 
United States Steel trade-mark, U.S. Steel buys materials from nearly 54,000 other companies 


... and over 40% of all money received by U.S. Steel for its products is paid out to these suppliers. This trade-mark is your guide to quality steel 


Usten te... The Theatre Guild on the Alr, presented every Sunday evening by United States Steel. National Broadcasting Company, coast-to-coast not./ork. Consult your newspaper for time and station. 


UNITED STATES STEEL Beier 


AMERICAN BRIDGE..AMERICAN STEEL & WIRE and CYCLONE FENCE..COLUMBIA-GENEVA STEEL.. CONSOLIDATED WESTERN STEEL..GERRARD STEEL STRAPPING .. NATIONAL TUBE 
OIL WELL SUPPLY..TENNESSEE COAL & IRON..UNITED STATES STEEL PRODUCTS..UNITED STATES STEEL SUPPLY. .Divisions of UNITED STATES STEEL COMPANY, PITTSBURGH 
GUNNISON HOMES, INC. » UNION SUPPLY COMPANY + UNITED STATES STEEL EXPORT COMPANY + UNIVERSAL ATLAS CEMENT COMPANY 
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Air Pollution 
(Continued from page 18) 


The disadvantages of the energy 
transmission systems are: 

The possibility of deposits 
forming on the lenses of the re- 
ceiving and transmitting elements, 
affecting accuracy and necessitat- 
ing periodic cleaning of the equip- 
ment; 

The decrease in sensitivity of 
the photoelectric tube, if one is 
used, necessitates continued cali- 
bration of the apparatus. 

The advantages of the energy 
transmission method are as follows: 

They provide a_ continuous 
record of smoke concentration 
which can be automatically re- 
corded for future reference; 

The systems are reasonably ac- 
curate and_ sensitive to small 
changes in smoke intensity; 

Signals or control devices can 
easily be incorporated in the sys- 
tem if desired. 


Control of Air Pollution 


Operating in conjunction with 
the smoke control devices are the 
smoke-prevention systems. After 
the smoke has been detected and 
measured, the important thing is to 
take corrective measures. 

The best method, from all view- 
points, is to eliminate the smoke 
directly at its source. In most cases, 
the presence of smoke means in- 
efficient combustion, clogging of 
gas passages, and resulting increas- 
ed maintenance costs. The smoke 
can generally be eliminated, or 
greatly reduced, through the man- 
ual or automatic operation of ac- 
cessories in response to signals 
from smoke-detection instruments. 
Blowers, drafts, steam-jet valves, 
and fuel controls can be adjusted 
to obtain minimum readings on the 
measuring devices, thus reducing 
fuel and maintenance costs. 

The collection of particles by 
electrostatic means is a very effic- 
ient method of eliminating air pol- 
lution. The electrostatic precipita- 
tor (Fig. 2) consists of a series 
of long, fine wires placed parallel 


“to flat plates, and maintained at a 


high potential (up to 50 kv in large 
units) with respect to the plates. 
When air or gas is passed over these 
wires and plates, and through the 
electrostatic field produced, the 
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foreign particles obtain a positive 
charge. Next, the air is passed 
through a series of plates al- 
ternately charged positive and 
negative. The charged particles, in 
passing through this series of plates, 
are repelled by the positive plates, 
where they cling until the plates 
are cleaned. In small units, the 
plates need cleaning out every three 
to six weeks, depending on the op- 
erating conditions. Cleaning is 
simply done by flushing the plates 
with water and washing the part- 
icles away. In units of about 40,000 
cubic feet per minute, cleaning is 
automatic in alternate units. Pre- 
cipitation is continuous, and shut- 


CYCLONIC 
SEPARATOR 


mer 


Fig. 3. The sonic precipitator utilizes 
sound waves to rid outgoing smoke of 
undesirable particles. 


downs are eliminated. The ef- 
ficiency of electrostatic precip- 
itators is about 90 to 99 per 
cent in removal of almost any for- 
eign matter, even bacteria, which 
makes the precipitator useful in 
the food industry. The electrostatic 
precipitator will not remove lint. 
Lint, when attracted to the plates, 
has a tendency to stand on end. 
Small chains of these particles 
reach outward from the plates and 
cause voltage breakdown in the 
unit. To avoid breakdowns, screens 
to remove the lint are placed in 
front of the precipitator. 

The power consumption of an 
electrostatic precipitator operating 
under normal conditions is about 
15 watts per 100 cubic feet per 
minute passed through the unit. 


Often, the cost of the unit can be 
defrayed by the value of the 
materials such as catalysts, metals, 
acids, and carbon black, which are 
recovered in the precipitator. 


Sonic Precipitation 


Another method of precipitating 
foreign particles is through the use 
of sonic power. Sonic precipitators 
are designed in the shape of a 
tower in which the gas enters at the 
bottom, leaving at the top. During 
its passage through the tower the 
smoke is subjected to high-energy 
sound waves. These waves cause 
the particles in the tower to 
vibrate, and because different size 
particles vibrate at different speeds, 
collisions occur. Another action 
causing collisions is the Bernoulli 
effect of the sound waves as they 
move between the particles. The 
velocity of the gas is greatest be- 
tween two closely-spaced particles, 
causing a pressure drop, and there- 
fore a force, tending to push the 
particles together. When the parti- 
cles collide, the liquids join com- 
pletely and form one large particle, 
while the solid ones tend to stick 
together, especially if dampened 
slightly during the process. On top 
of the tower is a siren, powered by 
a gas turbine, to provide the energy 
for precipitation. The power need- 
ed for sonic precipitation is con- 
siderably less than that for electro- 
static precipitation, being about 
three-fourths horsepower per 100 
square inches of cross-section. At 
present, two sonic precipitators are 
in use, one for sulfuric acid, and the 
other for soda-ash. Collection of 
particles is at the bottom of the 
tower, for large particles which drop 
down, and through the use of a 
cyclone separator at the outlet of 
the system. 

Detection, measurement, and 
control of air pollution are impor- 
tant to industry in relation to 
smoke ordinances, public relations, 
and economics. Each of the 
methods of detection and preven- 
tion mentioned here is  appli- 
cable to industry, but no one 
method will work for all cases. 
Each case of detection and pre- 
vention has its own special prob- 
lems, meaning superiority of one 
system over another, and it is up 
to the concern to choose the best 
type of equipment to use. 
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Engineering secrets are under her skin 


This is the first official photo of the 
giant Boeing eight-jet XB-52. It’s Amer- 
ica’s new all-jet heavy bomber, and an- 
other trail-blazing product of Boeing 
engineering leadership. Still highly 
classified, Boeing’s most revolutionary 
developments are out of sight, under 
the XB-52’s gleaming skin. 


The B-52, vital to America’s defense 
plans, is just one of the challenging 
projects Boeing engineers are at work 
on. Others include guided missiles, 
supersonic research, and the B-52’s 
team-mate, the six-jet B-47 medium 
bomber, now in quantity production. 
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If you measure up, you can share the 
prestige of Boeing leadership. You'll 
work with men who have made major 
contributions to both civil and mili- 
tary aviation. And you can look ahead 
to a long-range career with a com- 
pany that has been growing steadily 
for 35 years. 


You can work either in Seattle, heart 
of the Pacific Northwest, or in progres- 
sive Wichita, Kansas. Boeing provides 
a generous moving and travel allowance, 
gives you the benefit of special training 
programs, and pays a good salary that 
grows with you. 


Pian now to build your career as a mem- 
ber of Boeing’s distinguished Engineering 
personnel after graduation. Boeing has 
present and future openings for experi- 
enced and junior engineers in aircraft. 

DESIGN RESEARCH 

DEVELOPMENT PRODUCTION 

e TOOLING 


also for servo-mechanism and electronics 
designers and analysts, and for physicists 
and mathematicians with advanced degrees. 


For further information, 
consult your Placement Office, or write: 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Company, Seattle 14, Washington 
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TECHNIBRIEFS 


New Radiac Devices 

A special age requires special 
instruments. Several types of radia- 
tion-detection (radiac) devices 
have already appeared as a result 
of both the peaceful and military 
aspect of nuclear energy. Two port- 
able types, each completely self- 
containing and weighing about 11 
pounds, are being developed for 
the Army and the Navy. One em- 
ploys the ionization principle, as 
“distinguished from the familiar” 
Geiger counter. This type of radiac 
gives a true measure of Roentgen 
energy from 0.08 to 2.0 million 
electron volts over the entire spect- 
rum—which the Geiger type can- 


not do. The new instrument has 
the extraordinary range of six 
decades, from 0.005 Roentgens per 
hour to 500 Roentgens per hour, 
which latter extreme intensity 
might follow an atom-bomb dis- 
aster. The readings are provided 
as indications on a special change- 
scale instrument, not as_ clicks 
heard in earphones. Although the 
range is extremely broad, the ac- 
curacy is as good at the low set- 
tings as the higher ones. The elec- 
trometer principle employed has a 
longer time constant than other 
principles, which means the indica- 
tions are not quite as rapid. 

The other portable radiac em- 
ploys a newer principle—developed 
by Westinghouse Research Lab- 
oratories—that of photoelectric de- 
tection and multiplication of the 
light given off by phosphors struck 
by the nuclear radiation. It is a 
little faster in response than the 
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ionization-chamber type and_ is 
very easy to use; its warm-up time 
is less but it is not as sensitive. It 
is direct reading for the four higher 
ranges—from 0.5 to 500R per hour. 

Another type of radiac still un- 
dergoing development is a compac: 
unit for installation in military 
planes. It will give the pilot a visual 
indication of danger, should his 
plane enter a zone of strong radia- 
tion. 


Self-Heating Ignition 


Recent investigations by the fire 
protection laboratory of the Na- 
tional Bureau of Standards have 
provided conclusive proof that 
closely-paeked fibrous materials 
can ignite by self-heating. NBS 
tests show that these materials in 
quantity, after standing for some 
time, may develop an internal tem- 
pérature higher than the surround- 
ing or ambient temperature. The 
extent of this temperature rise de- 
pends upon the material, its den- 
sity and packing, and upon the 
ambient temperature the 
length of time this state is main- 
tained. This work thus gives strong 
evidence that suitable precaution- 
ary procedures should be taken in 
the storage and use of such com- 
modities. For instance, a 12-inch 
cube of wood fiberboard kept at 
147°F develops a_ peak interior 
temperature of 148°F; a sample 
kept at 210°F develops a maximum 
internal temperature of 230° F; 
and a sample at 240°F develops a 
temperature of 305°F. If the size 
of the specimen is increased, the 
amount of self-heating is increased. 


During the investigation of the 
cause of the fires, the possibility of 
ignition due to self-heating was 
considered. 

Equipment and methods for 
studying self-heating characteris- 
tics over a wide range of size and 
temperature conditions were de- 
veloped. Boards cut octagonally 
were stacked in depths equal to the 
width of the octagon. These were 
introduced into a suitable oven or 
furnace and held at constant am- 


bien temperature until the peak 
of self-heating was passed or until 
the self-heating had resulted in 
ignition. Series of increasing am- 
bient temperatures were used until 
the lowest ambient temperature at 
which ignition would occur was 
found. 

The initial tests were made of 
wood fiberboard specimens .01 to 
12 inches in diameter. It was found 
that the larger the volume of the 
specimen, the greater is the self- 
heating temperature rise within the 
specimen for a given ambient tem- 
perature and the lower is the exter- 
nal temperature required to initiate 
combustion. Ignition started at the 
geometrical center of the speci- 
men and spread outward through 
the remainder of the material. 

Data were also obtained on cane 
fiberboard, felted cotton linters 
(alpha cellulose), Douglas _ fir, 
crushed coal, and alfalfa hay. For 
the cellulose-type materials tested, 
the lowest ambient temperatures 
that cause ignition fall within a 
range of 50 degrees F for a given 
sample size, but the times required 
to reach ignition vary widely. Thus, 
a 2-inch sample of wood fiberboard 
at 356°F ignites in 18 minutes, 
while a 2-inch sample of felted 
cotton fiber ignites at 394°F after 
63 hours. When the ambient tem- 
perature is allowed to rise with the 
self-heating of the specimen rather 
than being kept constant, ignition 
is accelerated. 

For a given material, the logar- 
ithm of the ignition temperature 
was found to vary inversely as the 
logarithm of the specimen size. It 
appears probable that extremely 
large volumes of fibrous materials 
will ignite at relatively low ambient 
temperatures and that a potential 
fire hazard exists in the transporta- 
tion and storage of these materials 
—in particular, immediately after 
hot processing and drying. More ef- 
fective control of shipping and 
storing temperature and of stack 
size is therefore recommended to 
reduce the probability of ignition 
due to self-heating. 

(Continued on page 40) 
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Guiding 


in a new age of discovery 


Despite what has already been accom- 
plished, the science of electronics is 
oung. You can expect the electron to 
me even more useful—to you, in 
your home, and to the nation. 


How useful it can be is seen in the ad- 
vances already made by RCA scientists— 
such as the picture tube of your television 
set... the image orthicon television cam- 
era, used by every studio in the nation 
-.. the amazing electron microscope, 
which magnifies as much as 200,000 
times. RCA scientists now work toward 


new advances—more powerful television 
sets . all-electronic color television . . . 
UHF television . . . new electronic sys- 
tems for industry and our Armed Forces, 


To RCA scientists, the challenge of tomor- 
row is more interesting than yesterday's suc- 
cess. This pioneering spirit assures you finer 
quality in every product and service of RCA 
and RCA Victor. 


See the latest in radio, television, and el: ics at 
RCA Exhibition Hall, 36 West 49th Street, N. Y. 
Admission is free. Radio Corporation of America, 
RCA Building, New York 20, N. Y. 


The David Sarnoff Research Center 


of RCA at Princeton, N. J. 


CONTINUE YOUR EDUCATION 
WITH PAY—AT RCA 


Graduate Electrical Engineers: RCA 
Victor—one of the world’s foremost manu- 
facturers of radio and electronic products 
—offers you opportunity to gain valuable, 
well-rounded training and experience at 
a good salary with opportunities for ad- 
vancement. Here are only five of the many 
projects which offer unusual promise: 

© Development and design of radio re- 
ceivers (including broadcast, short-wave 
and FM circuits, television, and phono- 
graph combinations ). 

©@ Advanced development and design of 
AM and FM broadcast transmitters, R-F 
induction heating, mobile communications 
equipment, relay systems. 

© Design of component parts such as 
coils, loudspeakers, capacitors. 

© Development and design of new re- 
cording and producing methods. 

© Design of receiving, power, cathode 
ray, gas and photo tubes. 

Write today to College Relations Divi- 
sion, RCA Victor, Camden, New Jersey. 
Also many opportunities for Mechanical 
and Chemical Engineers and Physicists. 


Rapio CORPORATION OF AMERICA 


World leader in radio—first in television 
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Loudspeakers 
(Continued from page 14) 


a folded horn of equal power out- 
put capabilities and frequency 
range. It should be remembered, 
however, that for equivalent re- 
sponse at a given low frequency 
near cut-off, the bass-reflex cabi- 
net may be made _ considerably 
smaller, and thus cheaper, than the 
totally enclosed type. 

As has been noted, it is possible, 
by using the Klipsch system, to 
produce a folded horn having ap- 
proximately the overall 
dimensions as examples of the other 
two systems having equivalent fre- 
quency and power output character- 
istics. Given a required low cut- 
off frequency, if the Klipsch sys- 
tem is not used, the preference 
from the point of view of size would 
usually be for bass-reflex, 
totally enclosed, or horn-loaded 
systems, in that order. In connec- 
tion with dimensions, it is well to 
mention that both the Klipsch and 
the other horn-loaded systems are 
designed in general for use only 
in a corner of a room, and thus 
are occasionally unsuitable for use. 

From the viewpoint of appear- 
ance, there is little to choose be- 
tween the three systems, unless 
there is some peculiar undesir- 
ability attached to a corner speaker. 
All three types of enclosures are 
adaptable to a wide variety of 
decorative schemes. 


Design and Construction 


Since many audio enthusiasts 
find it both necessary and enjoyable 
to build their own equipment, it 
is well to compare the relative dif- 
ficulties involved in the design, con- 
struction, and adjustment of the 
three enclosure types. For the same 
reason that it is the most expen- 
sive of the three types, the Klipsch- 
type horn is the most difficult to 
construct. Furthermore, its design 
for use with a given speaker and 
standardized procedure of no great 
complexity in which experience is 
nearly always essential if good 


results are to be obtained. At the 
other extreme, the design of totally 
enclosed baffles is a thoroughly 
standardized procedure of no great 
difficulty. Moreover, with this type 
of cabinet, no adjustment is re- 
is the 


quired and construction 


simplest of the three, since the 
cabinet is essentially a padded air- 
tight box. 
The bass-reflex type enclosure 
presents only slightly greater dif- 
ficulties in design and construction 
than the totally enclosed type. Both 
design and construction principles 
are fairly well standardized. It must 
be admitted, however, that there 
is considerable disagreement among 
authorities in connection with the 
matter of adjustment of reflexed 
cabinets for optimum performance. 
In general, adjustment is essen- 
tially a tuning procedure, governed 
usually by adjustment of the di- 
mensions of the port. Disagree- 
mé¢nt arises, however, as to the 


Fig. 4. Appearance of reflexed cabinet 

ready for installation. Upper section con- 

tains the speaker with port directly be- 
low. 


best means of determining when 
proper adjustment has been ob- 
tained. Although one authority 
states that it is practically neces- 
sary to have the use of anechoic 
room and associated equipment, 
the author has found that the use 
of the Worden adjustment proce- 
dure appears to give satisfactory 
results, both in obtaining a smooth 
impedance characteristic and opti- 
mum damping at the frequency of 
fundamental resonance. 

In summary, the author believes 
the bass-reflex enclosure to be the 
most satisfactory for general use 
in quality domestic sound systems, 
where cost is a limiting factor. 
However, in home systems of the 
highest quality, the Klipsch-type 
folded horn is probably the most 
desirable. 


Technibriefs 
(Continued from page 38) 


New Vehicle 


A new vehicle which operates 
like an Army tank has been de- 
veloped by General Electric Com- 
pany engineers at Erie, Pa. 

Equipped with treads similar to 
those of an Army tank, but having 
a lower silhouette, the “shuttle 
car” is powered electrically, and its 
“extension cord” or power cable 
is plugged into an outlet in the 
same way househould applicances 
are. The 600 feet of cable are auto- 
matically reeled in or out as the car 
travels, 

Coal is first loaded on the car 
deep in a vein by miners or by auto- 
matic mining machines. Then the 
shuttle car carries its load to the 
main tunnel and transfers it to 
small railroad cars or belt con- 


veyors which take the coal to the 
hoists or directly to the surface. 

The shuttle car has a_ snout, 
which it can raise or lower, from 
which it disgorges its load by means 
of continuous conveyor belt. 

Because of its treads, the new 
vehicle can turn in a tight circle 
by simply locking one track and 
going ahead on the other. The 
treads also enable the shuttle car 
to carry a larger load than the con- 
ventional type equipped with 
wheels requiring clearance pockets. 
In addition, the wider conveyor 
belt made possible by the elimina- 
tion of wheels, results in faster un- 
loading. 

The vehicle can carry up to ten 
tons of coal. It is about 22 feet 
long, eight feet wide, and three to 
four feet high, and is built for 
either left or right-hand drive. 


(Continued on page 44) 


THE CORNELL ENGINEER 


| 
i 
| = 
| 
| 
d 
j 
| 
| 
j 
| 
| t 
] 
| 
. 
a 
| 
| 
| 
| 
| 
j 
j 
40 
| 


authoritative information 


Please send your FREE Booklet 
“MOLYBDENUM DISULFIDE AS A LUBRICANT” 
BLOCK LETTERS PLEASE 


Address. 
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No internal studs or 
bolts — no troublesome 
internal joints and fits. 
Suction Disc Liner is 
merely clamped into 
position between disc 
and shell. Fewer wear- 
ing parts mean less 
maintenance and longer 
uninterrupted service. 


Impeller and shaft sleeve of the Morris Type-R 
Slurry Pump can be renewed without disturbing 
the suction and discharge piping or the bear- 
ings. This means considerably less lay-up time. 


Due to the clamping effect of the bolts on the discs, the shell 
is not subject to high stress. Consequently, the shell can be 
made of a wide variety of materials, including those of high 
abrasive resistance. Yet these materials need not necessarily 
be of high tensile strength. 


Hydraulic passages of the suction discs are 
extremely large and velocities are low. As a 
result, wear is minimized and renewal infre- 
quent. 


Stuffing box troubles are practically eliminated 
because the suction gland is under low suction 
pressure only. 


FOR CHEMICAL OPERATIONS 


pre bulletin | Morris Type-R, Slurry Pump handles 


ore 
Practical information in Bulletin No. tailings, slag and residue from 
shows by performance cures | 
just how the Morris Type-R Slurry or solids. : 


Pump fits specific operations . . . de- 


i iusi 
scribes exclusive construction features MORRIS MACHINE WORKS 
Baldwinsville, N. Y. 


Profile 


(Continued from page 19) 


where he has been ever since. 

Although teaching keeps him well 
supplied with a full day’s work (he 
now has the entire freshmen ME 
class in freehand drawing), Pro- 
fessor Baird has always remained 
active in his own field. He designs 
a home “every now and then”— 
mainly to keep from becoming 
rusty—and is deeply interested in 
modern art. He designs the exhibi- 
tions for the Contemporary Arts 
Festival at Willard Straight Hall 
each year and also designed part of 
the decor for the Cornell Dance 
Club concert this winter. His work 
has received recognition by the 
American Institute of Architects, 
which awarded him a medal for 
merit in design and he has pub- 
lished many articles. 

Professor Baird’s taste for the 
simple, practical and esthetic are 
strikingly demonstrated in his own 
home overlooking Lake Cayuga. 
The house, which he redesigned 
from a drab little cottage, is a fine 
example of progressive residential 
architecture and occupies a site 
which, as he puts it, “is one of 
those rare happenstances where 
Nature outdoes herself.” On either 
side—about 90 feet apart—is a 
glen with a waterfall pouring down 
from the wooded hillside toward 
the lake. Recreational facilities 
abound everywhere — swimming, 
boating, picnicking, hiking, gar- 
dening and all other forms of coun- 
try life. Both he and Mrs. Baird, 
who is on the staff of the women’s 
physical education department here 
at Cornell, enjoy the outdoors and 
their house is designed to “let in” 
as much as possible the beautiful 
surroundings. 

One interesting ramification of 
Professor Baird’s practical nature 
is the beret he is often seen wear- 
ing. When asked if it carried any 
connotations of the artist in him, 
he laughingly replied that “a hat 
simply wouldn’t stay on in a high 
wind. And besides you can’t tuck 
a hat in your pocket when you de- 
cide you don’t need it.” Seriously 
though, it demonstrates in its own 
way how his scheme for living has 
been based upon the simple, func- 
tional necessities for a happy and 
comfortable life. 
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“No mud on 
our Pulpit! 


“No... not in our little church! 


“But something the Pastor said reminded me 
of a service I'll never forget. Later, Helen told 
me I'd said ‘Mud!’ out loud. That’s why she 
dug me in the ribs and said ‘Jobn, wake up!’ 


“I guess I was wool-gathering. I was back over- 
seas, listening to a Chaplain who'd found a 
spot of beauty in a grove of trees for his 
services . . . right smack in the middle of a 
war! The green branches made a church-like 
arch. The sun filtered through the branches 
like through our church windows. 


“The Chaplain’s pulpit? Just the hood of a 
homely Army Jeep ... splattered with mud. 
No organ music . . . just the booming of big 
guns far off. No pews, either . . . just mud to 
sit in. But I felt just as close to God then as 
I did last Sunday in our Maple Street Church. 


“After Helen nudged me awake, I thought of 
countries where mud és slung at pulpits. 
Where men of the cloth are jailed. Where 
churches are closed or burned. And where 
God is disowned. I gave thanks that bere we 
respect all churches. 


“Freedom of worship is one of our precious 
rights. Other Freedoms include our right to 
vote as we please . . . and without anyone 
knowing whom we vote for. To get rip-roar- 
ing mad when we see our taxes wasted by 
wild spending . . . and when we read about 


charges of corruption against public officials. 
To choose our own jobs, like I did when I 
applied for one at Republic. To own our own 
homes. To drive our own car across state lines 
with nobody to push a gate down in our faces. 


“I said an extra prayer last Sunday: May our 
Reverend Johnsons, Father Kellys and Rabbi 
Cohens always have that sacred Freedomto preach 
their gospel from unmuddied pulpits. Amen.” 


REPUBLIC STEEL 


Republic Building * Cleveland 1, Ohio 


Republic BECAME strong ina strong and 
free America. Republic can REMAIN 
strong only in an America that remains 
strong and free ... an America whose air- 
craft streak to all corners of the free world on 
missions of commerce, mercy and peace. 

the Aircraft Industry, too, Republic serves 
America. Republic furnaces and mills produce 
aircraft-quality steels . . . steels for the tools to 
shape the parts... steels for the instruments 
that guide the way .. . for sheltering hangars... 
for the reinforcing that makes safer runways. 
Republic is proud of the part it plays in supply- 
ing so much of the ground-based production 
power chat keeps America powerful aloft. 
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Education 
(Continued from page 25) 


that be in school or at work. 

Two objections may be raised 
to this point. The first one con- 
cerns the fact that the majority of 
students do not continue on to 
college and it would therefore be 
both impolite and impossible to 
demand that High Schools orient 
themselves further towards college 
preparation when such _ efforts 
would be wasted on the bulk of 
their students. This objection dis- 
regards the fact that three of the 
points outlined above are definitely 
not college preparatory but are 
rather life preparatory and should 
apply with greater force to those 
students who are about to termi- 
nate their formal education, and 
assume the duties of citizenship 
and of humanity without the ben- 
efit of further intellectual training. 
Only when it is insisted that stu- 
dents also learn the tools of in- 
tellectual pursuits could this ob- 
jection be conceivably valid, for to 
one who does not intend to use 
them these tools are not only use- 
less but generally much more dif- 
ficult to acquire. Here the only 
answer that one can give is that 
it will be necessary to make some 
distinction on the High School 
level between those students who 
intend to go to college and those 
who intend to work. Such a dis- 
tinction is already made in many 
schools and is in fact frequently 
drawn to a much finer degree in 
schools where the pupils by electing 
individual courses or particular 
course sequences can actually pre- 
pare themselves for a_ particular 
kind of industrial or office work. 
If it is objected that such a dis- 
tinction would be undemocratic it 
should be noted that the separa- 
tion is not based on economic or 
social factors but simply on use 
that a student wishes to make of 
his primary education. Since all of 
us are not preparing to fit our- 
selves for the same career some 
preparation of intellectual and 
practical application must be made 
at some point—it appears to be 
too late to make it at the end of 
the twelfth year of education. 


The second principal objection is 
probably more practical: Even if 


colleges would like to see the enter- 
ing freshmen better trained, more 
ready to assume the burdens of 
work that are about to be placed 
on them what can the colleges do to 
obtain pre-trained  candi- 
dates? In other words what can 
colleges do to induce the lower 
schools to train students to their 
prescription? There would appear 
to be three principal paths that 
can be used and all of them should 
be explored simultaneously and to 
a greater extent than at present. 
(1) Since the bulk of the intellect- 
ual and even of the political leader- 
ship of the nation comes from 
among college trained men, it is 
necessary that students while they 
are at college be inculcated with 
an educational philosophy that will 
make them work for and demand 
high standards when they find 
themselves in position of some in- 
fluence or authority, whether that 
bé in the legislature of a state or 
of the nation, or on the local school 
board. (2) The Presidents and the 
staff members of the large Uni- 
versities should employ their con- 
siderable prestige to advance the 
cause of primary education in the 
United States; in many ways this 
matter is even more vital to them 
than a supervision of the quality 
of their own institution since the 
raw material for their schools 
comes from below. (3) Admission 
standards should be raised grad- 
ually and in concert, thus forcing 
the lower schools to conform to 
higher standards demanded if they 
wish their students to enter the 
more desirable educational insti- 
tutions. 

These several steps may appear 
to be somewhat drastic or politic- 
ally unfeasible. It should be re- 
membered that what is desired is a 
gradual change, to be accomplish- 
ed by persuasion and by the sanc- 
tion of public opinion. In their con- 
cern to make the financial ends 
of their college meet and suffering 
from the usual timidity of the aca- 
demic man in the face of politics, 
the leaders of our great institutions 
of higher education must remember 
that in a democracy the adequate 
standards of the schools that the 
bulk of the people attend is of 
primary importance to their own 
institutional survival. 


Technibriefs 


(Continued from page 40) 


Drive For Rolling Mill 


A special electric drive, largest 
of its kind, is being built by the 
General Electric Company for a 
giant rolling mill that holds a 
world record for squeezing five- 
ton blocks of white-hot steel into 
long iron bars, called “blooms.” 

Designed to keep pace with the 
demands of a steel-hungry defense 
effort, the equipment will consti- 
tute the nation’s most powerful 
reversing mill drive for converting 
ingots into blooms. It will include 
twin 6,000-horsepower motors, each 
of which will drive one of the mill’s 
two huge pressure rolls. 

Steel ingots, five-foot-long mas- 
ses of metal weighing as much as 
three medium-sized automobiles 
are heated to 2200 degrees F as raw 
material for the mill. As an ingot 
passes back and forth between the 
rolls, it is reduced to a bloom more 
than 50 feet long and seven inches 
in width and_ thickness. These 
blooms are later rolled into steel 
products in the various finishing 
mills. 

The main drive motors for the 
mill will be provided with ampli- 
dyne control for near-instantaneous 
acceleration, deceleration, and _ re- 
versing of the rolls. This control 
will permit the mill to reverse in 
approximately one second, G-E 
engineers said. 

Providing power to the motors 
will be a 12,000-kilowatt motor- 
generator set, which includes a 
9114-ton flywheel. The flywheel, 
one of the largest ever built, will 
be nearly 16 feet in diameter and 
two feet thick. Its stored energy will 
be equivalent to that of the full 
15-car Twentieth Century Limited 
traveling at 4014 miles per hour. 
The flywheel releases portions of 
this energy through generators to 
the drive motors to reduce peak 
demands on power-supply lines. 

To insure against breakdowns in 
the blooming mill’s 160-hours-a- 
week work schedule, equipment will 
be so installed that near-peak pro- 
formance can be obtained even 
when portions of the apparatus are 
out of service, engineers said. 
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Opportunities 
at 
General Motors 


What the 
GM Organizational Setup Offers 
You—the Graduate Engineer 


understand your opportunity at General 
Motors you need to understand the General 
Motors setup. 


GM is not only a major producer of motorcars 
and trucks. It is also a leading manufacturer of 
many types of civilian goods from heating 
systems to refrigerators, from fractional h.p. 
motors to Diesel locomotives. 


And, as a top defense contractor, GM is building 
everything from rockets and shells to tanks and 
jet and Turbo-Prop engines. 


In these many operations we require the services 
of all types of engineers, engaged in all phases 
of engineering work—from pure research to 
production supervision. 


This work is decentralized among GM’s 34 
manufacturing divisions, operating 112 plants 
in 54 towns and cities throughout the country. 
Each division operates as an independent unit 
with its own engineering department. Yet each 
benefits from the resources of GM’s central 
research and engineering laboratories. 


So, from the start, GM offers the engineering 


graduate both the opportunities and facilities of 
a large successful organization, and the friendly 
working environment of a smaller company. 


It is well, too, to note that a high percentage 
of engineering school graduates, through hard 
work and initiative, have made sound business 
careers for themselves at GM. In fact, today, 
many GM divisional managers are engineering 
school graduates. And so are many others in 
top management. 

For further information on a GM engineering 
career, we suggest you ask your College Place- 
ment Office to arrange an interview for you 
with the GM College Representative the next 
time he visits your campus. 


GM POSITIONS NOW AVAILABLE 
IN THESE FIELDS: 


Metallurgical Engineering « Industrial Engineering 
Chemical Engineering 


: Mechanical Engineering © Electrical Engineering 


See December 1951 issue of Fortune Magazine for description of new 
multimillion dollar GM Research and Technical Center in Detroit. 


GENERAL MOTORS CORPORATION 


Personnel Staff, Detroit 2, Michigan 
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COLONEL, RESEARCH AND DEVELOPMENT DIVISION, DEPARTMENT 
OF THE ARMY: “Full support should be given any sound measure 
. designed to encourage inventors and facilitate consideration and 


further development of their ideas or inventions. It is difficult 
to conceive of any action that would accomplish more in this A 


: direction than that called for in the Sinclair Plan.” 


b 
a Jd bring to light some valuable } 
i jdeas which mig to 
hay 
| AN INVESTMENT COUNSELOR: “I can imagine the great surge of hope now om 
‘ going through the breasts of the young men specializing in this field. for 18 Stin 
‘Here,’ they will say, “is a corporation willing to give us a break.’... See ideas, ,., &8'Ound 
Its fundamental unselfishness cannot fail to strengthen the faith of po dis £0 me boy @ Project y 
L those without property. . . . This 1s opportunity! _ tical 
en Wh 0 Know th A CABINET MEMBER: “The ; 
provisions regarding patents 
| e Impor tance of are unique. .. the 
n epen de nt | ° for your investment of money, : 
: n vention En time, and facilities would be H 
cour age Yo limited to nonexclusive, 
cl _ _for your company.” 
the faciy ake 
MEMBER OF THE JOINT CHIEFS OF STAFF: “The Sinclair Oil R ties of 
orporation is performing another fine public service in opening i inventive les aVailaby 
laboratories to the American inventor. am What would icans 
€ nation will derive many benefits from this selfless service.”’ Very fair arrang ad 
SOnstructiy, Dgement is 
OOkin st and forw, a 
Plan, which 0 MANUFACTURING Corp: f 
should perl sins the doors of your rete ‘We all think the j 
individual inventors.” search laboratories, 
“Lw dly:agree that there Is a nee 
AN AIR FORCE GENERAL: ‘I be complexity of 
to help the a on prohibitive cost of these facilities. YOur Fo 
pest plan ty! great stride in relieving this situation. 
_ ae ' PRESIDENT OF A LARGE MANUFACTURING COMPANY: “You 
have recognized a great need, and have done something 
Pn objective to overcome it .. . another idea which putsto fF 
eeu ss beneficial use the resources and capacity of a large group. A 
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Advantage 


Independent 


If you have an idea for a new petroleum product— 
but do not have the facilities needed to develop it— 
the Sinclair Plan offers you laboratory help. 


IGHT months ago, Sinclair opened up a part of its 
E great research laboratories to independent inventors 
who had ideas for new or improved petroleum products 
but who did not have the facilities needed to develop 
and profit by their ideas. 

To date nearly 5,000 inventive people have submitted 
ideas to the laboratories; and the Sinclair Plan has be- 
come recognized as a service to inventors, the oil in- 
dustry and the public. As a result we have made the 
Plan part and parcel of the long-range operation of 
our company. 

If you have an idea for a new or improved petroleum 
product or application, you are invited to submit it to 
the Sinclair Research Laboratories. In your own inter- 
est, each idea must first be protected by a patent 
application or a patent. 


Nine buildings of the Sinclair Research Laboratories at Harvey, Ill. 


If the laboratories select your idea for development, 
they will make a very simple arrangement with you: In 
return for the laboratories’ work, Sinclair will receive 
the privilege of using the idea for its own companies, 
free from royalties. This in no way hinders the inven- 
tor from selling his idea to any of the hundreds of 
other oil companies for whatever he can get. Sinclair 
has no control over the inventor’s sale of his idea to 
others, and has no participation in any of the inventor’s 
profits through such dealings. 

HOW TO PARTICIPATE: Instructions are contained in 
an Inventor’s Booklet. Write to W. M. Flowers, Executive 
Vice-President, Sinclair Research Laboratories, Inc., 
600 Fifth Avenue, New York 20, N. Y. 

IMPORTANT: Please do not send in any ideas until you 
have sent for and received the instructions. 


SINCLAIR—for Progress 
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Engineer's Day—1952 
(Continued from page 32) 


engineering buildings. Short lectures 
and movies will also be presented 
throughout the entire program to 
supplement the exhibits. 

The administration of Engineer’s 
Day is being handled by a commit- 
tee headed by Ted Wong, EP ’53, 
and Chuck West, EE °53. The 
school chairmen are: Bob Siegfried, 
ME, Walt Bortko, CE, Howie Hart, 
EP, John Pew, EE, Bob Katz, 
Architecture and Al Riccardo, Met. 
k. Dave Scharaga, M.F. °54, is pub- 
licity chairman. 

The climax to the E-Day week- 
end will be the Engineers’ Banquet 
on Sunday evening, April 27, also 
being sponsored by the Cornell Stu- 
dent Engineering Council. Pre- 
sentation of the E-Day awards for 
outstanding exhibits and of the 
Fuertes Memorial Public Speaking 
Contest prizes, will be made at the 
banquet, in addition to awards by 
several engineering honorary so- 
cleties. 

The CorneLL ENGINEER, on be- 


half of the CSEC would like to ex- 
tend a cordial invitation to all its 
readers to come to Cornell on the 
weekend of April 25 and take part 
in the festivities. The exhibits will 
be open from 7:00 to 11:00 p.m. on 
Friday night. And don’t forget the 
banquet on Sunday—it promises to 
be an enjoyable occasion. 


fascinates a 


experiment 
young visitor in Rand electrical labora- 
tory, May 1951 


Jumping coil 


Alumni News 
(Continued from page 21) 


dent since 1943. His home is at 8 
Ridgewood Road, Rye, New York. 


Albert J. Blackwood, M.E. ‘24, 
assistant director of research for 
the Standard Oil Development 
Company, has been appointed to 
the National Advisory Committee 
for Aeronautics subcommittee on 
aircraft fuels. He is also a member 
of the panel on fuels for air- 
breathing powerplants of the U.S. 
Research Development Board. He 
lives at 1005 Boulevard, Westfield, 
New Jersey. 


W. J. Newman, B.S.E.E. ‘45 for- 
merly at Davel St., Bloomfield, N.J., 
has been called back to active 
duty, and is taking a leave of ab- 
sence from the Wallace and Tier- 
nan Co. of Belleville, N. J. His pres- 
ent address is LIIG W. J. Newman, 
USS LST G11 988, Fleet Post Office, 
New York, N. Y. 


Plan now to do creative engineering at 


PRATT & WHITNEY AIRCRAFT. 


U. S. Government contract for the development of 
a nuclear powered aircraft engine. 

Long range opportunities to put your own ideas 
to work doing creative engineering-are open now. 
Find out how you can fit into this great engineering 
organization. Consult your placement counselor or 
write to Frank W. Powers, Engineering Department 
at— 


_ & WHITNEY AIRCRAFT, leading aircraft en- 
gine designer and manufacturer has been a firm 
advocate of “creative engineering” for all of its 27 
years in business. Operating as it does in a highly 
technical field, the company has never veered from 
the basic policy that engineering excellence is the 
key to success. 

This has meant extraordinary emphasis on engi- 
neering, the formation of an engi ing-minded 
administration, and the spending of millions of dol- 
lars of company funds to build the most complete 
research and development laboratories in the field. 

Such an approach has enabled Pratt & Whitney 
to gain a top reputation for piston and jet engine 
development. Only recently the company 
one of the few in the country to be awarded a 
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SODA ASH— 


a chemical of many uses 


Aladdin and the “Al Kar” 


You remember the story of Aladdin and his magic lamp. But 
what never came out in Arabian Nights was the probability 
that Aladdin might well have used ‘‘al kali’’ to cleanse and 
polish the old lamp, when he made the discovery of its 
magic properties. 

The origin of soda ash—oldest of the major industrial 
chemicals—is veiled in antiquity. Its history goes back at 


Although soda ash was first utilized for 
its cleansing powers—and soap making 
continues to be an important usage— 
other uses have long exceeded the orig- 
inal. Soda ash is a basic ingredient of 
glass, this being the largest single use; 
but soda ash is also essential to so many 
chemical processes that, in the aggre- 


least 5,000 years through the civilizations of many peoples. 
In various parts of the world the ashes of plants were leached 
to obtain soda. One of the plants so used by the Arabians was 
kali, and their term for soda, al kali, became our word alkali. 

The miracles of modern industrial chemistry of course far 
surpass the magic of Aladdin's lamp. Many of these industrial 
processes and products employ alkalies to bring to our civiliza- 


gate, this is the largest market. Virtually 
every industry uses soda ash to some 
extent and the following are merely in- 
dicative of its versatility: water treatment, 
metals refining, pigments, pulp and paper 
making, textiles, petroleum refining, 
ceramics, leather ing. A compl 

list of all processes involved would fill 


tion a multiplicity of refinements undreamed of even a few a good-sized book! 


short years ago. As one of the nation’s leading producers of 
alkalies and related chemicals, Columbia-Southern salutes the 
achievements of the industries it serves. 


COLUMBIA-SOUTHERN 
CHEMICAL CORPORATION 


SUBSIDIARY OF PITTSBURGH PLATE GLASS COMPANY 
FIFTH AVE. AT BELLEFIELD- PITTSBURGH 13, PA. 
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SODA ASH « CAUSTIC SODA «+ LIQUID CHLORINE + SODIUM 
BICARBONATE + CALCIUM CHLORIDE + MODIFIED SODAS « 
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DISTRICT OFFICES: Boston Charlotte Chicago Cincinnati 
Cleveland * Dallas * Houston © Minneapolis * New Orleans @ 
New York © Philadelphia ¢ Pittsburgh © St. Louis 


— “4 
! 
ae 
16 
~ 
{ 


Metal Transfer 
(Continued from page 11) 


hence the different appearance of 
otherwise similar particles. Some 
are sectioned equatorially and thus 
show a section of metal surround- 
ed by slag or else a section of metal 
and slag intermixed. Others are 
sectioned considerably above their 
equators and show slag only. Those 
particles whose centers appear 
blurred, dark, and out of focus are 
the hollow ones. 

The theory that gases liberated 
in the electrode metal, and acting 
in the manner described, supply 
the force that transfers the metal 
across the arc is consistent with the 
observed behavior in metallic arc 
welding. It explains the fact that 
metal always transfers from the 
electrode to the work, and never 
in the opposite direction. This is 
true regardless of what type of 
electrode is used, in what position 
the welding is done, or what type 
of current is used. It explains the 
presence of the very small particles 


in the arc as well as the larger 
ones. As the bubbles, filled with gas 
under pressure, burst, the particles 
of metal are given velocities in 
directions essentially perpendicular 
to the surface of their parent bub- 
bles. Thus, this explains the pres- 
ence of spatter in welding. Figure 
1 shows this phenomenon for 
an uncoated electrode. The par- 
ticles leaving the arc in a somewhat 
horizontal direction constitute the 
spatter. Figure 1 shows how in 
a coated electrode the gas stream 
from the weld rod coating tends to 
deflect the particles with initial 
horizontal trajectories back toward 
the arc, reducing spatter. This is 
also consistent with the observed 
facts. As previously mentioned in 
the gas stream theory, the smaller 
particles will be deflected more 
readily by the gas stream. This 
implies that the spatter will prob- 
ably consist of particles larger than 
the average size transferred 
through the arc. 

The theory is further confirmed 
_by the work on degasified elec- 


COMRECTION 


@ LEROY* Lettering equipment is standard in drafting rooms 
everywhere. No special skill is needed for perfect, regular 
lettering and symbol drawing. There are LEROY templates in 
a variety of alphabets and sizes, as well as for electrical, 
welding, map, geological, mathematical and = symbols 


that the draftsman needs. 


KEUFFEL & ESSER CO. 
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trodes which was previously men- 
tioned in connection with the cath- 
ode spot theory. When the gases 
are removed from the electrodes, 
overhead welding becomes impos- 


sible. 


Summary 


In discussing the various theories 
presented in this article, it was 
shown that all but the gas expan- 
sion theory had serious shortcom- 
ings in one respect or another. 
However, the gas theory is not be- 
ing proposed as the ideal theory 
since insufficient work has been 
done to warrant such a claim. This 
theory does seem to show greater 
potentialities than any other, but 
more experimental work is needed. 
For example, it is believed that 
although the gases liberated in the 
electrode tip furnish the main 
driving force for the transfer of 
electrode metal, welding could be 
accomplished in the down-hand 
position with gas free electrodes. 
Gravity in conjunction with sur- 
face tension and pinch effects could 
accomplish some transfer of metai. 
It is postulated, however, that the 
arc would exhibit somewhat differ- 
ent behavior than in ordinary weld- 
ing. A systematic study of this sit- 
uation and others, employing de- 
gasified electrodes, might prove to 
be quite valuable in understanding 
metal transfer and thus in improv- 
ing the efficiency and quality of arc 
welding as a commercial process. 
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PONT 


DIGEST. 


Plant development work is solid background 
for a future in chemical engineering 


The work of production supervisors 
at Du Pont, as discussed here last 
month, is aimed at getting better 
results from existing processes and 
equipment. 


In contrast, the job of plant de- 
velopment groups is to find ways to 
improve methods and products, and 
advise management when changes 
should be made for economic or tech- 
nical reasons. Chemical engineers in 
this work are responsible for lower- 
ing process costs, adapting the prod- 
uct to new uses and improving prod- 
uct quality to obtain a larger share 
of the existing market. 


These duties provide an under- 
standing of the fundamental aspects 
of the business, as well as a broad 
view of Company operations. The 
training and experience a man gains 
as a member of a plant development 
group—often a first assignment at 
Du Pont—isanexcellent background 
for any field he may move into later. 


Conducting a development study 
usually involves obtaining data from 


H. E. Graham, Jr., B.S.Ch.E., Georgia I. T. 
°48,and J. F.Carley, Ph.D.Ch.E., Cornell’51, 


study a plastic compounder-extractor-extruder 
for improvements in making plastics. 
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laboratory, semi-works and plant- 
scale experiments, estimating profits 
and investments, and consulting with 
sales, research and production per- 
sonnel, also with auxiliary depart- 
ments such as Engineering, Chemi- 
cal and Purchasing, and with out- 
side authorities. 


Here are typical problems solved 
by plant development groups: 


John Purdom, B.S.Ch.E., Ohio State °49, 
and Kenneth Kehr, B.S.M.E., North Caro- 
lina State ’50, discuss diagram of a process for 
improved recovery of a nylon intermediate. 

1. Prompted by obsolescence and 
wearing of equipment, experimental 
studies and economic comparisons 
were made on the entire process of 
isolating dyes. Methods in use called 
for crystallization, filter pressing and 
tray drying. It was found that a 
rotary vacuum filter with a continu- 
ous rotary steam tube dryer, air con- 
veyor and a dust collection system 
reduced costs about $50,000 a year. 


2. Production of sodium silicate was 
to be increased substantially, but the 
tank-type furnace at the heart of the 
process proved a bottleneck. The 
furnace design, including exit and 


Thurman W. Kaiser (at right), B.S.Ch.E., 
Purdue ’50, supervises tests of improved pro- 
cess for making neoprene intermediates. 


[ FOURTH OF A SERIES ] 


Reid Earnhardt, B.S.M.E., Cornell °44, 
M.S.M.E., Carnegie ’48, and René M. Le- 
Clare, M.S.Ch.E., M. I. T. ’51, check in- 
tallation of impr ts in plant equipment. 
entry ports, was improved, and its 
capacity enlarged at a small fraction 
of the cost of a new furnace. 


With the rapid growth of techno- 
logical improvements all over the 
world and increasing competition, 
plant development work assumes 
greater and greater status. The Ch. E. 
entering such a group at Du Pont 
finds a wealth of opportunity for his 
skill and ingenuity. 


HAVE YOU SEEN “The Du Pont Com- 
pany and the College Graduate’’? Free, 
40-page book describes opportunities 
for men and women with many types 
of training. Write: 2521 Nemours Bldg., 
Wilmington, Delaware. 
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that you can Clean Condenser Tube 


without Downtime or Loss of Pressures 
C. H. Wheeler Reverse Flow Condensers cre “Self-Cleaning”. Electrically, hydraulically or 
manually operated sluice gates within the condenser reverse the flow of water in the 
tubes to flush debris and marine growth away from tube sheets. 


2 -.. that there are Vacuum Pumps with No Moving 


Parts ... and often requiring No Extra Power & 
C. H. Wheeler Tubejets convert waste steam into useful vacuum for pumping, refrigera- 


tion, etc. 
3 « « « that a Cooling Tower can be Built to Blend with or 


Building—or to Stand Alone against Hurricane Winds s 
C. H. Wheeler Water Cooling Towers may be sheathed with any building material to 
harmonize with an architectural plan. Sturdy construction is guaranteed for performance 
and durability. | 


that Material will Grind Itself into Particles 100 


Times Finer than the Human Eye Can See 8 
C. H. Wheeler Fluid Energy Reduction Mills reduce materials to sub-mi particle sizes. 
Material is conveyed by air, steam or any gas or vapor in a closed circuit at supersonic 
speeds causing particles to reduce themselves by repeated shattering contact with one 
another. 


Bulletins mailed on request. 


19TH & LEHIGH AVENUE, PHILA. 32; PA. € am Condensers, Jet Ejectors Cooling Towers 
ration High Vacuum Process Equipment Micro-Particle 
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Next month’s CORNELL ENGINEER will be a New and Different 


Engineering Magazine! It’s guaranteed to be startling, shocking, 
and very readable. Line up at your newsstand NOW! 
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ANCESTRY UNKNOWN... 


Noone knows who first thought of gears as a means 
of transmitting power or motion . . . but without 
them modern civilization could not function. 

There would be no clocks, cars or calculators 
... industry would revert to hand production... 
transportation would go back to the horse and 
buggy . . . household chores would multiply . . . 
office managers would be seeking mathematical 
geniuses. 


FUTURE UNLIMITED... 


A gear never works alone. Only when properly 
meshed can it function efficiently. So, in industry, 
minds must mesh if progress is to result. Here, 
in America, engineers, inventors, machinists, tool- 
makers are geared for great advancement. And 
their point of contact is America’s all-seeing, all- 
hearing and reporting Inter-Communications 
System. 


THE AMERICAN INTER-COM SYSTEM... 
Complete communication is the function, the 


HEADQUARTERS FOR 
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unique contribution of the American business 
press . . . a great group of specially edited maga- 
zines devoted to the specialized work areas of 
men who want to manage better, design better, 
manufacture better, research better, sell better. 


WHY WE HAPPEN TO KNOW... 


The McGraw-Hill business publications are a 
part of this American Inter-Com System. 


As publishers, we know the consuming insist- 
ence of editors on analyzing, interpreting and 
reporting worthwhile ideas. 


As publishers, we know that advertisers use 
our business magazines to feature the products 
and services which they offer in the interest of 
increased efficiency, and lower production costs. 


As publishers, we know that people subscribe 
to our business publications to keep abreast of 
what’s new in their field and in industry as a 
whole. For the editorial pages tell “chow” and the 
advertising pages tell “with what.” 


McGRAW-HILL PUBLISHING COMPANY, INC. 


330 WEST 42nd STREET, NEW YORK 36, N.Y. 
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Book Reviews 
(Continued from page 30) 


for the solution of equations. There 
is a particularly good presentation 
of the elementary theory of the 
functions of the complex variable. 
It is important that one have a 
thorough understanding of this in 
order to fully appreciate the mean- 
ing and application of Nyquist’s 
criterion for stability. 

The transient analysis of systems 
is presented and applied to some 
highly idealized linear regulatory 
systems such as a simple servo- 
mechanism, and a simple speed- 
governed system. Routh’s criterion 
for stability is introduced as a 
practical approach to analytical 
stability considerations. 

Although the transient analysis 
of a feedback control system gives 
a true and accurate picture of its 
behavior, the method is difficult 
to apply to systems of any great 
complexity. In such cases equations 
involving high powers of the trans- 
form s must be solved and thus 
call for laborious and time-consum- 


ing calculations. Consequently, par- 
ticularly where synthesis of systems 
is the objective, the frequency spec- 
trum method is employed. It is also 
relatively easy to experimentally 
verify designs when using steady- 
state sinusoidal quanities. The au- 
thors’ treatment of this subject, 
including Nyquist’s criterion for 
stability, is excellent. The book 
contains a very complete discussion 
on multiple loop feedback control 
systems together with their stabil- 
ity considerations. Minor feedback 
loops are well illustrated with 
actual physical applications. More 
material on design considerations 
employing logarithmic coordinates 
would be desirable. 

The authors are to be compli- 
mented on having included a chap- 
ter on non-linearity and discontin- 
uity. This is the first book includ- 
ing the consideration of such things 
as friction, back lash, saturation 
and variable gain. In this connec- 
tion there is the whole class of dis- 
continuous controllers, which are 
now becoming more and more im- 
portant. 


The remainder of the book is de- 
voted to special systems with ap- 
plications such as servomechanisms, 
pneumatically operated controllers, 
temperature regulation, speed gov- 


erning, and pressure, flow and 
liquid level control. 

The treatment on pneumatically 
operated systems is the best that 
has appeared in any book. Equiva- 
lent resistance-capacitance circuits 
are developed and then transfer 
functions of pneumatic mechan- 
isms are derived. 

There is a good set of problems 
devoted to each chapter at the 
end of the book which greatly en- 
hances its use as a text. This book 
is a real contribution to the group 
of college texts in the subject, and 
admirably adapted for use as a first 
text equally good for all engineers, 
whether mechanical, electrical or 
chemical. 


W. E. Meserve 
Professor of Electrical 
Engineering 
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TRIANGLE 
BOOR 


Evan J. Morris, Proprietor 
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Power at your finger tip 


Nearly everything you do today is done easier, quicker and better— thanks to electricity 


If you are an average American worker you use the strength 
of nine horses each working hour of the day. 


WHERE DO YOU GET SUCH POWER - Merely by flick- 
ing a switch . . . for by that simple act you are tapping the 
vast sources of electric energy that are ready to work for 
all of us in the home and on the job. 

Today, the use of electric power has grown to where a 
single factory uses more electricity than an entire city used 
a generation ago. And your home—with its electric appli- 
ances, lighting and other conveniences — consumes more 
power than was used in yesterday's factory. 


NEW MATERIALS WERE NEEDED —This great progress 
could not have been achieved without the many new and 
better materials which make possible today’s larger and 
more efficient power generating equipment. 


A JOB FOR ALLOY STEEL— Giant turbines and gener- 
ators, for example, couldn’t stand up under terrific heat, 


pressure, wear and corrosion if it weren’t for steels made 
tough and enduring by alloying metals. 

Improved plastics also do their part in better insulation 
and protective coatings. And carbon brushes are as vital to 
huge generators as they are to your vacuum cleaner motor. 


FOR MORE POWER -— Developing and producing alloys, 
plastics, carbons and many other better materials for our 
power industry are but a few of the many ways in which 
the people of Union Carbide serve all of us. 

STUDENTS and STUDENT ADVISERS 


Learn more about the many fields in which Union 
Carbide offers career opportunities. Write for the 
free illustrated booklet “Products and Processes” 
which describes the various activities of UCC in the 
fields of Attoys, Cuemicats, Gases, and 
Prastics. Ask for booklet A-2, 


Union CarBIDE 
AND CARBON CORPORATION 


30 EAST 42ND STREET NEW YORK 17, N. ¥. 


UCC’s Trade-marked Products of Alloys, Carbons, Chemicals, Gases, and Plastics includ: 


ELECTROMET Alloys and Metals ¢ HAYNES STELLITE Alloys e NATIONAL Carbons ¢ ACHESON Electrodes ¢ PYROFAX Gas ¢ EVEREADY Flashlights and Batteries 
BAKELITE, KRENE, and VINYLITE Plastics » PREST-O-Lite Acetylene © LINDE Oxygen © PRESTONE and TREK Anti-Freezes © SYNTHETIC ORGANIC CHEMICALS 
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Manufacturers of Super-Refractories Only 
REFRACTORY CRUCIBLES 
GRAPHITE CRUCIBLES 


HIGH-TEMPERATURE CEMENTS 
SPECIAL REFRACTORY BRICK, TILE, SHAPES 


From the Following Materials:— 


GRAPHITE SILICON CARBIDE FUSED ALUMINA —— MULLITE 
MAGNESIA ZIRCON 


LAVA CRUCIBLE-REFRACTORIES CO. 
PITTSBURGH, PA. 


WANTED 


Several engineers and architects who can write good technical and non- 
technical prose, who are interested in the editing and publishing of an en- 
gineering college magazine, and who would like to join that group of 
sprightly souls who turn out 


THE CORNELL ENGINEER 


Offices available are: Editor-in-Chief, Managing Editor, Assistant Editor, 
Associate Editor, and Publicity Manager. If you'd like information about our 
competition in the Fall, or about the Engineer, stop at our office in 400 Lin- 
coln Hall and ask for the Compet Manager. 


THE CORNELL ENGINEER 


i 
5 
 &§ 
‘ 
4 
i 
i 
1 
| 
| 
| 
. 
= 


ROEBLING is the best known name in wire rope. 
That’s partly because we were the first wire rope 
maker in America. But more than that, we’ve 
always led in developing better wire and better 
rope for every purpose. 

Today’s Roebling Preformed “Blue Center” Steel 
Wire Rope is the best choice for efficiency and 
long life on excavating and construction equip- 


FRANCISCO, 1740 17TH ST * GBEATTLE, 900 
ST ave . TULSA, aatesn. 
CHEYENNE ST EXPORT SALES 
: 


This is the most economical rope 
we’ve ever made for construction equipment 


ment. This rope has extra resistance to crushing 
and abrasion... stands up under rough going. It 
saves time and cuts costs. 

There’s a Roebling wire rope of the right speci- 
fication for top service on any job. And Roebling 
Field Men are always showing users new econo- 
mies through proper operation and maintenance. 
John A. Roebling’s Sons Co., Trenton 2, N. J. 


ATLANTA, 934 AVON AVE + SOSTON, S$! SLEEPER ST « 
CHICAGO, $525 W. ROOSEVELT RD « CINCINNAT!, 3253 
FREOONIA AVE + CLEVELAND, 701 ST. CLAIR AVE, N. E, 

¢ DENVER, 4601 JACKSON ST « DETROIT, 915 FISHER 
BLOG + HOUSTON, 6216 NAVIGATION BLVD + 1.08 
ANGELES, 5340 €.HARSOR ST + NEW YORK, 

19 RECTOR ST + COESSA, TEXAS, 1920 2NO ST 
PHILADELPHIA, 230 VINE ST «© SAN 


QFFiGe, TRENTON 2, NW. 
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Who Was He? 
Hudson, Ohio 


January Brain Teaser 


U.S.S. Carmick 
c/o F.P.O. 


San Francisco, Cal. 
To the Editor: 

Regarding the answer appearing 
in the February issue of the Cor- 
NELL ENGINEER of the brainteaser 
appearing in the January issue, it 
seems that several possible solutions 
have been slighted, namely: 


EXAMPLE 1 EXAMPLE 2 


A 


As line one (1) in example 2 can 
take any number of smooth paths 
from A to B, there appear to be an 


endless number of solutions. 
Lr. jc. D. Cuuik, *46 


To the Editor: 


Please permit me to answer the 
“Picture Puzzle” on page 50 of the 


Lr. jc. C. W. Dick, Stanford Dec. 51 issue. 


Ens. R. A. RrEcKMAN, 
Northwestern 
Ens. H. J. Nix, Annapolis 


January Brain Teaser: 


(Too many college boys in the 


Navy.—Ed.) 


The gentleman “depicted” is Mr. 
Wm. E. Reed M.E. ’89, same “cut” 
as of page 19, Vol. 10, No. 6 (Mar. 
45). He was secretary of the War- 
ner & Swazey Co. When I was a 
4th year (machinist) apprentice, 
Mr. Reed befriended me and got 
me interested in Cornell, which | 
entered in 97, Dr. W. F. Durand, 
as secretary, handling all prelimin- 
ary correspondence, seeing me 
entered, following me through the 
course, seeing me graduated and 
keeping in touch with me ever 
since. 

On the 5th of March he was 
93 years old, residing at 379 Wash- 


Oo ington Ave., Brooklyn, N. Y. since 
the death of Mrs. Durand, a year 
ago. 


Davin GAEHR 


P.S. Mr. Reed was also “depict- 
ed” in his class reunion picture. 


317 E. State St. 


PHONE 


NORTON 
Printing Co. 


SIMPLIFIES STAFF and 
PINION 
WORK 
BROWN & SHARPE 
AUTOMATIC 


PINION TURNING 
MACHINE 


. . . dependably meets all close tolerance and fine 
finish requirements of military and civilian assemblies, 


such as clocks, instruments, fuses and timers. 


This machine is representative of the improved design 
features that make the Brown & Sharpe line of Automatic 
Screw Machines worth investigating. Write for literature. 
Brown & Sharpe Mfg. Co., Providence 1, R. I., U.S.A. 


BROWN & SHARPE 
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. the basic element of 
hte, life into 
premature babies... plucks the 
sick from the grave. produces 
steel... helps build bridges, 
planes, ships. It is the partner 
of man — and industry. 


The oxyacetylene flame and 
electric arc... an unbeatable team 
for building tools of war — and 
peace. Economical. . . versatile 
they cut and sew metals into 
strong, one-piece units. 


From oxygen for incubators to oxyacetylene flame cutting . . . from Divisions of Air Reduction Company, Incorporated, 
gases for beverage carbonation to sign lighting . . . from steel mak- AIR REDUCTION SALES COMPANY, AIR 
ing to synthetics, you'll find Air Reduction products contributing REDUCTION PACIFIC COMPANY, AIR RE- 
to the comfort and convenience of daily life. DUCTION MAGNOLIA COMPANY... indus- 
trial Gases, Welding and Cutting Equipment 
Results of continuous research and development, these products are * AIRCO EQUIPMENT MANUFACTURING 
but small parts of Air Reduction’s family of materials and processes DIVISION * NATIONAL CARBIDE COM- 
aimed at filling tomorrow’s needs and the requirements of today. PANY ... Calcium Carbide * OHIO CHEMI- 
; CAL & SURGICAL EQUIPMENT CO., 
In fact, wherever progress is racing ahead to new frontiers, you'll OHIO CHEMICAL PACIFIC COMPANY... 


find an Air Reduction Product. Medical Gases — Apparatus — Hospital 
Equipment * PURE CARBONIC COMPANY 
. Carbonic Gas and “Dry-Ice" * AIRCO 


Air REDUCTION COMPANY, INCORPORATED | company INTERNATIONAL... Export 


® 60 EAST 42nd STREET © NEW YORK 17, N. Y. AIR REDUCTION CHEMICAL COMPANY 
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NEW PLANT MAKING AGRIC 
AMMONIA USES FRICK REFRIGERATION 


The Mississippi Chemical Corp. at Yazoo City uses three Frick com- 
pressors to hold 2,000 tons of liquid ammonia in the spherical tanks 
(at upper right) by reducing the pressure and temperature. 

This eight-million-dollar plant, built by 10,000 stock-holding farm- 
ers, produces both liquid ammonia and solid ammonium nitrate for 
use as fertilizer. 

Installation by Munford Engineering Co., Frick Distributors at 
Jackson. 


The Frick Graduate Training 
Course in Refrigeration and Air 
Conditioning operated over 30 
years, offers a career in a grow- 
ing industry. 


WAYNESBORO PENNA 


Alse Builders of Power Farming and Sawmill Machinery 


An extra tough, tinned steel tape line Ye wide, designed 
especially for mine work. Clear, sharp graduations and figures 
deeply stamped into nickel silver sleeves—securely soldered 
to steel line. Strong metal reel, nickel plated. Long 
folding winding handle, ample size hardwood carrying handle. 
Reels of tapes up to and including 150 feet are 4-arm 
pattern; over 150 feet, S-arm as illustrated. Leather thongs 

supplied. Available in all desired markings. ae 


BUY TAPES « RULES 
LFKIN PRECISION TOOLS 
FROM YOUR HARDWARE OR TOOL STORE 
THE LUFKIN RULE CO., SAGINAW, MICHIGAN 174 


132-138 Lafayette St., New York City © Barrie, Ontario 


Retiring Board 
(Continued from page 24) 

ing. Last summer he worked for 
the American Machine and Foun- 
dry Co., where he designed a new 
machine for the U.S. Ordnance 
Dept. George is interested in pro- 
ject and development engineering 
as a career, but right now he’s 
looking forward to graduation and 
a short rest—well-earned, we’d say. 


BOB CRITCHFIELD ME ’53 


A native of Garden City, Long 
Island, and a graduate of Garden 
City High School, Bob Critchfield 
came to Cornell in 1948. Bob is a 
rabid amateur photographer and 
was photography editor of his high 
school yearbook. He competed for 
the illustrations board of the Cor- 
NELL ENGINEER during his first 
spring at Ithaca and rose to the 
position of editor on that board. 
He has held jobs as watchman, 
grounds-keeper, and gas station at- 
tendant at various times during the 
last several years. This summer he 
plans to attend camp as the guest 
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of the Ordnance division of the 
Army ROTC. A member of Theta 
Xi Fraternity, Bob is interested in 
singing and is one of the many fine 
voices in the Men’s Glee Club. The 
song on his mind right now is prob- 
ably “California, Here I Come”, 
for Bob’s family is moving to Los 
Angeles soon. Those who have en- 
joyed the interesting covers of the 
CoRNELL ENGINEER the last year or 
so will appreciate the fine work that 
Bob has done as Illustrations Edi- 
tor—a job well done. 


TOM FOULKES ME ’53 


This year, the ENGINEER has been 
quite fortunate in having Tom 
Foulkes as its Business Manager. 
Tom has been one of the most 
active engineers at Cornell, but has 
found time to do a giant’s share of 
work on the business side of the 
ENGINEER. 

Tom came to Cornell from Brigh- 
ton High School in Rochester, New 
York. He determined to make his 
stay at Cornell as profitable as pos- 
sible, wanting to get as much from 


campus life as from his studies. This 
promise was certainly fulfilled— 
Tom’s list of activities would stag- 
ger the weak-kneed. He has been a 
Frosh Camp Counselor, secretary 
of Pi Delta Epsilon (journalism 
honorary), and a member of Pi Tau 
Sigma and Kappa Tau Chi (ME 
honoraries). He has been elected 
to Sphinx Head, and has been 
secretary and social chairman of 
Alpha Delta Phi fraternity. 

Tom’s main interest, however, is 
music. In his eyes, engineering is a 
pretty good profession, but music 
is definitely his first love. Tom plays 
both the trumpet and piano and is 
in Octagon, the Big Red Band, and 
the Savage Club. Last year, Tom 
was a member of the Three Fea- 
thers variety act, composed of three 
Cornell students, which appeared 
on Ted Mack’s television show. 

The future holds much in store 
for Tom. In his remaining year be- 
fore graduation, he plans to spend 
a good part of his time in a host 
of activities. Next year, for in- 

(Continued on page 64) 
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This is a 
magnification 
of what 
abrasive 
material ? 


Commercial 
Diamond 

Fused Silicon 
Carbide 

Fused Aluminum 
Oxide 


Boron 
Carbide 


The answer “Fused Aluminum Oxide” 
gives you a passing mark. But, it’s not 
just ordinary fused alumina. It’s Norton 
32 ALUNDUM* abrasive in a single 
crystal, containing more than 99% pure 
fused alumina — hailed as the “greatest 
abrasive contribution to increased grind- 
ing production in more than 40 years.” 


How It’s Made 


When bauxite is submitted to an ex- 
tremely high temperature in an electric 
furnace by an ingenious Norton Process, 
grains of 32 ALUNDUM abrasive form 
in a fluid matrix where each grain grows 
into a single, complete crystal — strong 
in shape and with many sharp points on 
all sides. The matrix not only contrib- 
utes to 32 ALUNDUM_  abrasive’s 
unique crystalline structure but also 
absorbs impurities from the melt. This 
accounts for the better than 99% purity. 


The matrix is then dissolved away by 
a complicated chemical process and the 
released grains are washed and screened 
to size. No crushing is necessary. 


Amazingly Versatile! 


The extra sharpness and crystalline 
form of Norton 32 ALUNDUM abra- 
sive enables it to grind cast iron, alu- 
minum, bronze, brass, soft steel, high- 
speed steel and cast alloy tool materials. 
Its versatility is further borne out by a 
typical report. In one prominent plant, 
Norton 32 ALUNDUM wheels, replac- 
ing other wheels, accounted for over-all 
time savings, floor to floor, of: surface 
grinding — 26.3%; internal grinding — 
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13.1%; tool grinding — 13.2%; cylin- 
drical grinding — 25%. 


Worth Remembering 


This example of “making better prod- 
ucts to make other products better” 
promises an interesting future to young 
engineers who want to contribute to new 
developments. Norton Research is well 
worth investigating. 


Free Folder 


highlights the cost- 
cutting advantages of 
Norton 32 ALUNDUM 
abrasive on countless 
grinding jobs. Write 
for your copy. 


*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 


Gordon R. Finlay, Ph.D., Cornell '42, examines a 
specimen with the Metallograph in the Physical 
Testing Laboratory at the Norton electric furnace 
plant in Chippawa, Canada, 


& LAPPING MACHINES 


REFRACTORIES 


LABELING MACHINES 


NORTON 


TRADE MARK REG. U. B. PAT. OFF. 


Gulaking better products to make other products better 
ABRASIVES. GRINDING WHEELS ousrones ABRASIVE PAPER & 


NON-SLIP FLOORING 


CERAMIC SURFACE PLATES BORON CARBIDE PRODUCTS 


NORTON COMPANY, WORCESTER 6, MASSACHUSETTS 


BEHR.-MANNING, TROY, N. ¥. 1S A DIVISION OF NORTON COMPANY 
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Flexible Shaft Fingers 


When the manufacturer of this micropro- 
jector wanted to provide a means of focus- 
ing the microscope from control knobs 
mounted 4 feet away, he used S.S.White 
flexible shafts. No other method offered 
the same simplicity and economy. As for 
sensitivity, the flexible shafts fully satisfied 
all requirements, because they are engi- 
neered and built to provide smooth, easy 
control over distances of 50 feet or more. 
* * * * 


Many of the problems you'll face in indus- 
try will involve the application of power 
drives and remote control with the em- 
phasis on low cost. That’s why it will pay 
you to become familiar with S.S.White 
flexible shafts, because these “Metal 
Muscles”® represent the low-cost way to 
transmit power and remote control. 


SEND FOR THIS FREE 
FLEXIBLE SHAFT BOOKLET... 


Bulletin 5008 contains 
basic flexible shaft data 
and facts and shows how 
to select and apply flexible 
shafts. Write for a copy. 


DENTAL MFG. CO. 


NEW YORK 16, N. Y. 


DIVISION 


Dept. C, 10 East 40th St. 


BARNSTEAD 


DEMINERALIZERS 


When manufacturing processes re- 
quire only high-test mineral-free water, 
Barnstead Demineralizers are the best 
producers . . . 5c per 1000 gallons of 
demineralized water with a minimum 
of supervision and maintenance. Barn- 


stead Demineralizers increase produc- 
tion, reduce rejects and insure better 
products control. 


Write Today 
For Literature! 


arnslead 


STIL S STERILIZER 


What's Your Sport ? 


GOLF 
TENNIS 
SOFTBALL 
BASEBALL 
SWIMMING 


We have equipment and clothing for all Spring 
and Summer sports—famous brands such as 
Wilson, Spalding, Dunlop, Jantzen and others. 


Racket stringing by a factory-trained expert—a 
wide variety of nylons and guts—24 hours ser- 
vice. 


Reasonable prices and our popular 10% trade 
dividend too. 


° 


THE CORNELL CO-OP 


On The Campus 


o 


Barnes Hall 
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about stainless curtain walls 


Modern construction methods have changed walls from the 
self-supporting type to a mere covering which does not sup- 
port its own weight for more than one or two stories. Hence 
the definition of “curtain wall”:—the facing or enclosure of 
the structural steel frame. This frame supports the entire 
weight of modern buildings. 

The need has existed for a covering that would not only 
clothe the building, but be lightweight, economical and 
space saving. Because these requirements are more than ade- 
quately met with stainless steel curtain wall construction, 
this method is becoming increasingly popular with cost and 
space conscious owners, builders and architects. 


CRUCIBLE 
“sandwich” 


Stoinless steel sheet focing 
2" concrete 
6"x6" go wire mesh 


Z2*cellular glass insulation 
“18. g0 expanded metal channel 


the CRUCIBLE “sandwich’’—only 6” thick 

(can be less) 
Crucible stainless steel curtain wall panels are in the 
form of 6-inch thick “sandwiches”. The facing consists of 
flanged, light-gauge stainless steel sheets with a factory, 
or site-fabricated, sandwich consisting of cellular glass 


CRUCIBLE 
52 years of | Fine} steelmaking 


Midiand Works, Midland, Pa. . 
Nationa! Drawn Works, East Liverpool, Ohio «+ 
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Spaulding Works, Harrison, N. J. 
Sanderson-Halcomb Works, Syracuse, N.Y. 


insulation between two layers of concrete with connect- 
ing reinforcing. Crucible 18-8 stainless as the outside face 
offers excellent resistance to weather and fire while pro- 
viding eternal beauty with a minimum of maintenance; 
the inside face can be finished or painted to suit the re- 
quirements of modern building interiors. Since 18-8 is 
restricted in use, a good substitute material, type 430 
stainless, now government decontrolled, offers the same 
benefits as 18-8 stainless. 


moisture penetration 


The unique characteristics of the cellular glass insulation 
stop moisture vapor migration from one face of the 
panel to the other. The cellular insulation properly de- 
signed and installed assures that condensation will not 
take place anywhere within the sandwich. 


insulation 

Although less than half as thick as the usual wall con- 
struction, this Crucible stainless steel panel construction 
has more than twice the insulating value. The “U” value 
(overall thermal conductivity) is approximately 0.15 
BTU Hr./Sq.Ft./°F. 


fire resistance 

The Crucible sandwich met the requirements of a 
standard 4-hour fire test conducted in the testing 
laboratories of the National Bureau of Standards. 
This meets all old building codes and is double, or 
better, the requirements of modern enlightened 
building codes. 


erection and fabrication 


Since a building frame is not precision built, the 
attachment of the panel walls to the frame is done 
with fastening devices that provide necessary 3- 
dimensional adjustment. Panels can be made at the 
building site, and a 24-hour casting-to-fastening 
cycle is possible. 


technical service available 


Though the use of some stainless steel is now re- 
stricted, Crucible metallurgists and development 
personnel are continuing to investigate improved 
methods of curtain wall and other construction so 
that better buildings can be built when stainless 
is more freely available. For more information 
write: CruciBLeE STEEL Company oF America, Gen- 
eral Sales and Operating Offices, Oliver Building, 
Pittsburgh, Penna. 


first name in special purpose steels 


Park Works, Pittsburgh, Pa. . Spring Works, Pittsburgh, Pa. 
Trent Tube Company, East Troy, Wisconsin 
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Draws a line 1/10th 
of a mile long with 


I FILLING! 


WORLD’S ONLY 
DRAWING INK 
FOUNTAIN PEN 


with interchangeable nibs 


Saves thousands of time-wasting 
pen filling operations for the artist 


or draftsman—insures uniform thick- 

ness of line from hairline to 3%" thick. 

Ideal for lettering, freehand drawing, 

technical drawing, sketching, or stenciling 

with the interchangeable nibs. Graphos uses 

any drawing ink, black or colored. Handles 

exactly like any drawing pen — beautifully 

balanced, light touch. Time-tested—thousands in 

use in leading drafting rooms and art studios all 

over the world. Use the famous PELICAN WATER- 
PROOF DRAWING INKS for best results. 


.-- latest data on 
how fo select 
anti-friction 

SPECIAL PRICE TO 

bearings ENGINEERING STUDENTS 


Explains bearing types, designs, tolerances, load dis- 
tribution, dynamic capacity, loads, selection, installation 
and maintenance, and applications. Includes dimension 
tables, conversion values, symbols and abbreviations. 
Regular price of this 270-page book is $1.75. S0S?r’s 
reduced the price to students to $1.25 in lots of 10 or 
more -- $1.00 in lots of 20. 

For copies of ‘Ball and Roller Bearing Engineering,” 
send your remittance to & KF INDUSTRIES, INC., Front 
St. and Erie Avenue, Phila. 32, Pa. 7983 


Ask your dealer — or write for illustrated booklets 


JOHN HENSCHEL & CO., INC. 
105 East 29th Street, New York 16, N. Y. 


KF 


BALL AND ROLLER BEARINGS 


Retiring Board 

(Continued from page 60) 
stance, he will be co-chairman of 
: the Campus Conference on Reli- 
i gion. After graduation, Tom plans 
: to work on the business side of 
engineering rather than the tech- 
nical. He simply enjoys working 
with people. 
STAN COHEN CE ’52 

To most of us ink-stained engi- 
neers, it’s really a pleasure to find 
cne of our brethren who is able to 
draw neatly those endless pages of 
report diagrams. Such a fellow is 
Stan Cohen, of the ENGINEER IIlus- 
trations Board. 

A graduate of Erasmus Hall High 
School in Brooklyn, Stan entered 
Princeton in 1943. In 1944, he went 
into the Army, becoming a Lieu- 
tenant in the paratroops. Stan 
served with the 82nd Airborne Di- 
vision in Europe, and was dis- 
charged in 1947. That year, he at- 
tended Sampson College and the 
following year entered Cornell. 

Here at Cornell, Stan has been 
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completely self-supporting. He has 
put himself through college with 
the G.I. Bill and by working as a 
handy man at a sorority for three 
years. In addition, he has found 
time to be secretary of the Ameri- 
can Society of Civil Engineers and 
a member of Tau Epsilon Phi fra- 
ternity. 

Next year, Stan plans to work in 
the heavy construction field. A per- 
son with drives and talents such as 
his will certainly make a name for 
himself. 


TED BLAKE ME ’52 


Ted Blake, retiring treasurer of 
the ENGINEER, graduated in 1946 
from Lower Merion High School, 
Ardmore, Pa., and worked as a fill- 
ing station attendant for a year be- 
fore entering the Cornell Arts Col- 
lege. After a year and one half as 
a Chem. major, Ted transferred to 
ME, making up several courses in 
summer sessions. During the past 
few summers he has worked for At- 
lantic Refining Co. of Philadelphia 
and Carrier Air Conditioning Co. of 


Syracuse, his home city. 

In his freshman year Ted rowed 
for the frosh crew team. He has 
served as Reporter, Rushing Chair- 
man, and Secretary of his fraternity, 
Sigma Nu, and has also been in- 
strumental in raising funds and ser- 
vices for Beebe Chapel of Ithaca. 
He is a member of Atmos Club, 
Savage Club, and Pi Delta Epsi- 
lon, journalism honorary. Ted’s 
chief hobbies are music, golf, and 
swimming. A good clarinet player, 
he once considered taking up music 
as a career, but later decided against 
it. He still enjoys listening to and 
playing his clarinet to his favorite 
records by Benny Goodman. 

When he graduates, Ted is going 
to Wright Field, Dayton, Ohio, 
where he will work in the Research 
and Development Department of 
the United States Air Force. After 
two years at Dayton, he would like 
to enter into the engineering sales 
division of a medium-sized company 
where he can combine his engineer- 
ing know-how with his desire to 
get out and mix with people. 
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Wherever there’s electricity... 
you'll find Burndy connectors on the job! 


CHEMICAL—The heat and corrosion resistance... 
the high contact pressures and mechanical strength 
required by the heavy currents, so essential to 
modern chemical processes—are no problem with 
Burndy C tors. They’re engi d to meet 
specific operating conditions. 


MINING—Underground heavy-duty wiring systems 
must be protected against dampness, vibration, 
dust. Where a short circuit might cut off fresh air, 
stop the shaft elevators, throw out the lighting, 
interrupt pumping, or even cause an explosion — 
unfailing operation of the electrical installation is 
literally a matter of life or death. Leading engi- 
neers specify Burndy Connectors. 


UTILITIES—Burndy serves the utility industry with 
140 standard types of Power Connectors... for 
cable, tube, bar and special shapes ++. for copper 
and aluminum conductors... in power stations, in 
overhead and unde d Nati Burndy 
equipment is besic in utility connecting systems. 


PETROLEUM—Burndy Ground Connectors are used 
extensively in oil refineries to protect electrical in- 
stallations to prevent fires and explosions that 
might be caused by sparks of static discharges or 
by lightning. Burndy Ground Connectors, of every 
type, are desi and accu. 
rately as those which are called on to carry current 


continuously. 


Burndy Connectors are specified because of their superior performance in joining, 
terminating, clamping, and grounding every size and functional variety of electrical 
conductor—from the smallest home wiring circuit to the largest industrial installations. 
Burndy engineering is continuously developing more and more efficient connecting 
methods. Engineering graduates and students are welcome visitors at Burndy 
Connector Headquarters. 


BURNDY ENGINEERING COMPANY * NORWALK, CONNECTICUT * SURNDY CANADA LTD., TORONTO, ONT. 
“WORLD'S LARGEST MANUFACTURER OF ELECTRICAL CONNECTORS” 


Vol. 17, No. 7 
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SCHOOL OF CiviIL ENGINEERING 


, Shimabukuro, H. M. . Cohen, 8. P. . Johanning, J. M. ny: J.C. 
Pellegrini, A. L. Ruckaberle, W. . Wallace, R. E. 1. 

Baumgarten, R. M. . Bergun, E. F. w. Marson, w. 

Hower, D. J. . Freer, BR. E. . Smith, Jr. see 43. 
Chittenden, R. E. . Robertson, F. P. Taylor, 5. J. Jr. 44, 
Perry, J. E. (Prof.) . Russell, G. R. . Hochberger, 8. Singer, D. F. 45. 
Fisher, G. P. (Prof.) ° Stylianopoulos, L. Cc. lo ‘ 6. Calderella, J. L., Jr. 46. 
Christensen, N. A. . Newhard, J. E. F ° .M. Murphy, E. J., Jr. 47. 
Director : Perrino, L. H. “28. Weber, R. Fitgner, R. E. 48. O’Brien, J. J. 
Bortko, W. S. Cadiz, D. G. Taussig, P. T. Haugaard, W. C. 49. Casey, J. B. 


CLASS OF 1952 


SCHOOL OF ELECTRICAL ENGINEERING 


Andersen, J. J. 5 Wilson, J. L. J. 25. Lee, T. Y. ; Noble, H. H. . Campbell, C. F. 


in, 26. Whiteley, G. C., Jr. . Camasta, J. . Lombardo, J. M. 
27. Chambers, G. R. Carlson, A. R. 
. Diegert, M. ‘A. (Mrs.) 28. —y L. N. ae tt, G. . Stone, W. E. 
McBride, i. 2, 29. Pew, J. M. ‘ . Messinger, E. W., Jr. 
. Lapkiewicz, A. J. 30. Brawner, H. P., Jr. 5 . Diegert, M. B. 
. Weil, BR. E. > 2a . Beeskow, H., Jr. 
. McLaughlin, R. D. . Teegarden, W. M. 
Louis, J. Y. 7. Simmons, C. D. 
. Doggett, F. F. Smith, C. H. . ls . Pease, H. 
. Orbison, T. E., Jr. Pincoffs, P. 
{ Rosen, 8. B. 
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How Honeywell Engineers help make it possible 
for a sub to dive swiftly and safely 


America lives better—works better with Honeywell Controls 


It’s a tense moment aboard a U. S. Navy 
submarine when the signal for diving 
stations electrifies the crew. 

And to make sure all preparations 
have been properly made for a swift, safe 
descent —submarines are equipped with 
a panel of colored lights like the 
one shown below aboard the U.S.S. 
Silversides. Submariners call it the 
“Christmas Tree,” because when all 
valves and hatches are closed the whole 
panel glows green. 

Important to the “Christmas Tree” 
are tiny switches—that must never fail. 

That’s why, in choosing the hundreds 
of precision switches found in every 
submarine, the Navy selects dependable, 


roven Micro Precision Switches, pro- 
by Honeywell. 

And this is only one of many vital 
functions Honeywell devices perform in 
the fields of marine controls, aviation, 
guided missiles and atomic energy. 

Today, fabulous new controls for 
many fields are being developed by the 
men in our expanding engineering and 
research sections, who find their work 
often calls for fascinating study in the 
realm of pure science. 

There’s real opportunity for engineers 
at this of 
Automatic Control. 

And Honeywell has been the leader 
in controls for more than 60 years! 


For information about opportunities in our engineer- 
ing and research departments, write us, stating your 
qualifications. Depending on the location you prefer, 
send your letter to Personnel Dept., i eed lis- 
Honeywell, Minneapolis 8, Minn.; Personnel ept., 
well, Brown Instruments Division, 
Philadelphia 44, Pa.; or Personnel Dept., Minnea 
olis-Honeywell, Micro Switch Division, Freeport, 


Honeywell 
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A fat lady stepped on the scales, 
not knowing they were out of 
order. The indicator stopped at 75 
pounds. 

“Holy smokes,” exclaimed a 
drunk who watched her, “she’s 
hollow!” 


A certain brewer sent a sample 
of his beer to a lab to be analyzed. 
A few days later he received a re- 
port from the chemist— 


“Dear Sir: 
Your horse has diabetes.” 


Stopping at the first house on his 
famous ride, Paul Revere cried, “Is 
your husband home?” 

“Yes,” came the answer. 

“Then tell him to dress and fight 
the British.” 

At the second, third and fourth 
houses he repeated the conversa- 
tion. As he rode by the fifth house 
he again repeated the cry. 

“No,” was the reply. 

“Whoa!” 


Coed: “I'll stand on my head or 
bust.” 

P.T. Instructor: “Just stand on 
your head. We don’t ask too much.” 


* * * 


Rules for Vet Barracks: 

(1) No liquor allowed in rooms. 

(2) Do not throw bottles out of 
the windows. 


“So you had a date with an en- 
gineer ?” 
“No, I tore my dress on a nail.” 


* * * 


They laughed when I came with 
shorts on, but when I sat down they 


split. 
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Prof: (After the final): “Well, 
what did you think of the course?” 

M.E.: “I thought that it was all- 
inclusive; everything that wasn’t 
covered during the semester was 
on the final exam.” 


Then there was the fellow 
who had a hobby of collecting 
stones and putting them in his 
bathroom. 

He had rocks in his head. 


Drunk: “What's that crawling 
up the wall?” 

Bartender: “A lady bug.” 

Drunk: “Gad, what eyesight!” 


Definition of a neurotic: a rela- 
tively stable individual with both 
feet planted firmly in mid-air. 


Exhale, Mary Lou. No one’s 
looking. 


The difference between amnesia 
and magnesia is that the fellow 
with amnesia doesn’t know where 
he’s going. 


The old engineer pulled his fav- 
orite engine up to the water tank 
and briefed the new fireman. The 
fireman got up on the tender and 
brought the spout down all right 
but somehow his foot caught in the 
chain and he stepped right into the 
tank. 

As he floundered in the water, 
the engineer watched him with a 
jaundiced eye. 

“Just fill the tank with water, 
Sonny,” he drawled. “No need to 
stamp the stuff down.” 


He: “I suppose you dance.” 

She: “Oh, yes! | love to.” 

He: “Fine, that’s better 
dancing.” 


than 


Prof:“That’s five times this week 
you have failed to complete your 
assignment. Have you anything to 
say for yourself?” 

Stude: “Thank God it’s Friday.” 


* * * 


Lady: “One fare for me and a 
half-fare for my little boy.” 

Conductor: “But he has on long 
pants.” 

Lady: “All right, full fare for the 
boy and half-fare for me.” 


* * * 


His wife lay on her death bed. 
She pleaded: “John, I want you to 
promise me that you'll ride in the 
same car with my mother at the 
funeral.” 

He sighed: “O.K., but it’s going 
to ruin my whole day.” 


* * * 


“That's quite some strapless eve- 
ning gown you’ve got on. What 
keeps it up?” 

“A city ordinance.” 


Answer to last month's Brain 
Teaser. 


> 
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Photography gives 
engineers quick, 
accurate facts 


@ In routine work—in unique applications—engi- 
neers find photography can supply information 
obtainable in no other way. It can show you in- 
ternal stresses in machine parts—you see what 
modifications in design will increase strength and 


reduce weight. You can study fast motion by slow- 
ing it down with high speed movies. You can record 
the flick of the cathode-ray trace or get accurate 
records of other instrument readings. 

Photography is already aiding engineering in 
many important ways, and new applications are 
being made every day. This has led graduates in 
the physical sciences and in engineering to find 
positions with the Eastman Kodak Company. If 
you are interested, write to the Business and 
Technical Personnel Department, Eastman Kodak 
Company, Rochester 4, N. Y. 
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Photog has captured 

here a a of internal stresses 

in a notched shaft subject to tension. 
Polarized light passing through a 
plastic model of the part produces 
the stress pattern upon the film. 


FUNCTIONAL PHOTOGRAPHY 
. .. serves industrial, commercial and scientific progress 
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WE ASKED GRADUATES TEN YEARS OUT OF COLLEGE: 


WHAT MADE YOU DECIDE 


CAREER WITH 


GENERAL ELECTRIC? 


rspective, 


it unsigned. Their a 
mentions, give an inf 
place to work and as 


1. G-E TRAINING PROGRAMS 

Sample quotes: “I knew that G.E. offered the best train- 
ing courses.” “Liked the idea of rotating assignments and 
courses.” “Wanted to take advantage of the training 
courses.” “G.E. had a training plan which would let me 
choose a job after reasonable time for investigating jobs 
available in the Company.” “I felt that Test (Test Engi- 
neering Program) would make the easiest transition from 
school to work.” “TI felt that I would get the best kind 


of electrical engineering training if | went with G.E.” | 


“The Test course appealed to me because of its combina- 
tion of continued technical instruction plus practical ex- 
perience on the test floor.” 


2. VARIETY OF OPPORTUNITIES 

“Why does a youngster run away with a circus?” 
“Believed it was a good chance to find the field I liked 
best as I wasn’t quite sure what type of work I wanted 
to get into.” ““G.E. goes out of its way to find the corner 
you are happiest in and best suited for.” “The varied 
opportunities of work let you change jobs without leaving 
the company.” “Only company which offered a job 
where an engineer could be in on design, sales and appli- 


This advertisement was wr 
graduated ten years ago— 


but not too long 


tails of their coming with bape 
vestionnair 

were sent a q 

ormative apprat 

a source of career opportunities. 


For a free booklet, “Planning Your Career,” a description of such G-E training programs as the Test Engineering 


itten by G-E employees who 
to have gained 
forgotten 
mpany. These graduates 
requested to 
i low in order 
of G.E. as a 


cation—i.e., ‘application engineering.’ ” “Promise of 
varied experience made it unnecessary to decide on a 
particular specialty until | had more opportunity to look 
the field over.” 


3. GENERAL ELECTRIC’S REPUTATION 

“G.E.’s prestige and reputation appealed to me.” 
“G.E. was more favorably disposed to the coming war 
effort and was doing work directly contributory.” “High 
caliber persons with whom to work.” “Reputation for 
technical excellence.” “G.E.’s reputation as a good em- 
ployer.” “Because with the name of G.E. went a sense 
of security.” “I fele that G.E. was the leader in the 
electrical field and I wanted to take part.” 


4. CONSIDERATE TREATMENT 

“The only offer I received was from General Electric 
—other companies interviewed would not consider me 
because of my reserve officer status.” “Among the com- 
panies offering jobs to college graduates in 1941, G.E. 
seemed to take more of a personal interest in its new 
men.” “The G-E representatives made me feel they 
were interested in me.” 


Program, Business Training Course, Manufacturing Training Program, Chemical and Metallurgical Program, the 
Physics Program and Sales Training programs, write to General Electric Co., Dept. 221B-6, Schenectady, N. Y. 


GENERAL 
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